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Abstract 
The present study on the seasonal activities of vascular cambium and 
secondary phloem in the trunk of Citrus limon, C. paradisi, C. reticulata var. kinnow and 
C. sinensis were carried out for three consecutive calendar years (2005, 2006 & 2007) 
with an aim to notice the behaviour of vascular cambium and its derivative tissues 
i.e., xylem and phloem with respect to seasonal and age effects. The results can be 
summarized as: 
The vascular cambium is non-stratified in all the four species. It forms a 
continuous cylinder between xylem and phloem and is made up of fusiform and ray 
initials. The fusiform initials are found to vary in length from 137 - 363 ^m in C. 
limon, 100 - 463 |im in C. paradisi, 137-413 nm in C. reticulata var. kinnow and 137 -
375 i^m in C sinensis. The fusiform initials undergo considerable size variations with 
growing girth of the stem axis. The average length rises with age which is followed 
by a decline and then again increase in the old stem in case of C. limon. In C. paradisi 
there is gradual increase up to maximum and after slight decline is soon followed by 
constancy in the adult region. In C. reticulata var. kinnow the fusiform initials increase 
in length from top to base with increase in girth of the axis. Whereas in C sinensis, 
there is initial increase up to maximum with the advancing age of stem axis which is 
followed by a decline towards the basal region. The ray initials multiply to become 
more in number as the trunk grows older and wider. New rays arise either by cutting 
off tips or sides of fusiform initials or by transverse segmentation of the later. 
The wood is diffuse porous in all the four species investigated and the rays are 
heterogeneous. The width of cambial rays varies from 1 - 4 cells, while their height 
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varies from 1-66 cells in C limon, 1 -70 cells in C. paradisi, 1 -44 cells in C reticulata 
var. kinnow, 1 - 5 6 cells in C sinensis. The length averages of vessels show an initial 
increase and later constancy with the growing size of the free axis in C. limon. In C 
paradisi, the length average of vessels first record an increase and then a slight 
decrease which is followed by constancy near the base level. The increase in average 
length with the growing age of the cambixim follows a gradual gain in C reticulata 
var. kinnow. On the other hand increase in the beginning is followed by a decline to 
the adult region in C sinensis. The radial and tangential diameters show a gradual 
increase with the increasing diameter of the axis until a maximum is reached and 
then constancy is attained. The length of vessels elements vary from 100 - 238 )im in 
C limon, 75 - 313 l^m in C paradisi, 100 - 300 jim in C. reticulata var. kinnow, 100 - 250 
l^ m in C sinensis as a result of seasonal influence. The length of xylem fibres shows a 
positive increase with growing size of the trunk except in C paradisi where longest 
fibres are found at the growing tips. They range from 412 - 925 i^ m in Citrus limon, 
275 - 1288 |im in C. paradisi, 300 - 1175 |xm in C reticulata var. kinnow, 300 - 925 ^m in 
C sinensis in different seasons and grow intrusively to attain a length of about 1.86 -
2.79 times over the length of their mother initials in different species investigated. 
The bark as usual is made up of three distinct zones viz., conducting phloem, 
non-conducting phloem and periderm. The sieve tube members possess mostly 
oblique to fransverse compound sieve plates on their end walls. They vary in length 
from 37 - 325 ^m in C limon, 37 - 313 i^m in C. paradisi, 50 - 288 jam in C. reticulata 
var. kinnow, 50 - 288 jim in C. sinensis due to seasonal influence. They occupy about 
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19% transectional area in C limon, and C. paradisi, 20% in C reticulata var. kinnow and 
C. sinensis. The initial increase up to maximum in the size of sieve-tube members is 
soon followed by a decline and again increase in the basal region in C. limon whereas 
in C paradisi the initial increase up to maximum is followed by a decline and then 
constancy in the older regions. However, C reticulata var. kinnow shows a gradual 
increase with the increasing diameter of axis. In case of C. sinensis the initial increase 
up to maximum is followed by a decline towards the adult stem. The phloem fibres 
are distributed throughout the secondary phloem in characteristic patterns in all four 
species. They grow intrusively and attain a length of about 2.39 - 2.49 times over the 
length of their mother initials in different species investigated. 
The activity of vascular cambium initiates at different times in different 
species. Swelling of cambial cells occur in third week of March in C. limon, last week 
of March in C. paradisi, third week of April in C. reticulata var. kinnow and second 
week of April in C sinensis. The cells begin to divide in first week of April in C limon, 
second week of April in C paradisi, first week of May in C reticulata var. kinnow and 
C sinensis. The cambittm turns dormant in early October in C. limon, late December in 
C paradisi, early December in C. reticulata var. kinnow and early November in C 
sinensis. 
The newly produced cambial derivatives differentiate firstly into xylary 
elements in all the investigated species. The average of total amount of xylem 
produced is measured about 475 nm in C limon, 960 |im in C paradisi, 425 ^m in C 
reticulata var. kinnow and 370 |xm in C sinensis. The average of total phloem 
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production is noticed about 240 jim in C limon, 245 |im in C paradisi, 230 urn in C 
reticulata var. kinnow and 200 i^m in C sinensis. Thus the cambium remains active for 
about 6 months in C. /I'mon and C sinensis, 9 months in C paradisi and 7 months in C 
reticulata var. kinnow. 
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Unit-I Introduction 
The plant kingdom is made up of a great variety of individual plants ranging 
from relatively simple, minute, microscopic forms to highly developed and complex 
seed plants. Angiosperms or the flowering plants form the largest group of plant 
kingdom, including about 300 families (411 families, Hutchinson 1959), 8000 genera 
and 300,000 species (Hutchinson 1967). They are considered to be the highest evolved 
plants on the surface of earth. From cretaceous age, the angiosperms eclipsed all 
other vegetation and now they form the main part of the vegetation on earth and are 
dominant. They are found almost everywhere in each possible type of habitat and 
climate. 
The body of seed plants is highly evolved and structurally specialized. There 
is a considerable division of labour among the organs and each t)^e of organ is so 
constituted that it carries on one or more particular functions successfully. The 
primary meristem found on the apices of the root and shoot give rise to complex 
tissues which form the primary plant body. In most dicotyledons and gymnosperms 
a layer of procambial cells between the primary phloem and primary xylem matures 
into fascicular cambium while the cells of pith or medullary rays which lie in 
between the edges of the fascicular cambium, divide accordingly to form a new layer 
of cambium across the medullary rays, known as inter fascicular cambium, resulting 
in the formation of a complete ring of cambium. In this way a new lateral meristem, 
the vascular cambium, which is responsible for "growth in thickness by the 
formation of secondary vascular tissues (radial growth)", is formed and adds 
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secondary phloem towards the outer side and secondary xylem towards the inner 
side. 
I MI Cambium 
In three dimensional view, the cambium is a continuous cylindrical sheath 
about the xylem. In most of the plants the vascular cambium is reported to exhibit 
successive active and dormant phases during a calendar year with a few exceptions 
of tropical species in which meristematic activity continues throughout the year. This 
behaviour of cambium is believed to be regulated by several internal and external 
factors which include heredity constitution, physiological phenomenon and 
environmental conditions of the habitat (Philipson et al. 1971). Therefore, there is 
further need to investigate the influence of different physical emd climatic factors on 
cambial makeup and its activity and then to suggest measures for the maintenance of 
desirable growth pattern to ensure a vigorous production of derivative tissues and 
their content, although in the recent past several workers have conducted such type 
studies in different species growing in tropical and sub-tropical regions (Iqbal & 
Ghouse 1990; Catesson 1994; Larson 1994; Rao et al. 1996a; Chaffey 1999; Lachaud et 
al. 1999; Kitin et al. 1999,2000; Khan 2001; Mahmood 2001; Khan & Siddiqui 2007a). 
There are two conceptually different views regarding the nature of cambium. 
One school of thought postulates a multiseriate zone in which all the cells are equally 
endowed with multiplication capacity. This view, proposed by Raatz (1892) has been 
strongly supported by Catesson (1964). She defines the cambial zone as those cell 
layers which are characterized by the greatest R.N.A. contents, are the site of most 
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abundant mitosis and are distinguished in section by radially narrow cells with thin 
walls. The other school pleads for the uniseriate nature of cambiuni. There are two 
interpretations of this uniseriate concept based on terminological differences. 
According to one, there exists single initial cells which in each radial file of cambial 
cells lies somewhere between the phloem and xylem mother cells and is responsible 
for the production of cambial derivatives on both outer and iimer sides. This view is 
mainly advocated by Barman (1955, 1968) and Newman (1956), has been supported 
by ultra-structure studies of Mahmood (1968) and Murmanis (1970) pertaining to 
tangential wall characteristics. According to another group of workers Wilson et al. 
(1966), Zimmermaim & Brown (1971) the term cambium is applicable only to the 
initial cells, not the immediate derivatives. This, admittance of a single initiating 
layer is common in both the interpretations, the only difference being that one group 
of worker appUes the term cambium to the entire meristematic zone consisting of the 
initial layers as well as the tissue mother cells, i.e., the zone of periclinal division, 
while the other group restricts it to the initiating layer only (Iqbal & Ghouse 1985a, 
1987 and Iqbal 1990). 
Following the former terminology, Butterfield (1975) defines cambium as a 
"mulHseriate zone of periclinally dividing cells lying between the differentiating 
secondary xylem and phloem, with distinct initials capable of both periclinal and 
anticlinal divisions lying somewhere within each radial file of cells." The same 
terminology has been adopted for describing cambium in the present study. 
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I fiil Wood 
The wood or secondary xylem is the principal water conducting tissue in a 
vascular plant. The secondary vascular tissues are produced during second major 
stage of plant development, in which an increase in thickness results from lateral 
additions of new tissues to the axial part of the plaint (i.e. stem and root) and their 
larger branches. It results from the activity of the vascular cambium. 
The primary and secondary xylem has histological differences, but both are 
complex tissues containing at least water-conducting elements and parenchyma cells 
and usually also other types of cells, especially supporting cells. The characteristics of 
these various types of cells and their inter-relations in the tissue may be best 
introduced by a consideration of the secondary xylem or wood. Woods are usually 
classified in two main groups, the softwoods and the hardwoods. The term softwood 
is applied to gymnosperm wood, that of hardwood to dicotyledonous wood. The two 
kinds of wood show basic structural differences, but they are not necessarily distinct 
in degree of density and hardness. 
The wood of dicotyledons is more varied. The primitive vessel-less 
dicotyledons have relatively simple wood, but that of vessel-containing species is 
usually complex. Wood of latter species may have both vessels and tracheids, one or 
more categories of fibres, axial parenchyma and rays of one or more kinds. 
Esau (2002) described that a block of wood reveals the presence of two distinct 
systems of cells: the axial (longitudinal or vertical) and the radial (transverse or 
horizontal) or ray system. The axial system contains cells or files of cells with their 
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long axes oriented vertically in the stem or the root, i.e., parallel to the main OT 
longitudinal, axis of these organs (or their branches); and the radial is composed of 
files of cells oriented horizontally with regard to the axis of stem or root. 
In transverse section, the cells of axial system are cut transversely and reveal 
their smallest dimensions. The rays, in contrast, are exposed in their longitudinal 
extent in a cross section. When stem or root is cut lengthwise, strikingly different 
view of the rays in the two kinds of longitudinal sections are obtained. Radial 
sections expose the rays as horizontal bands lying across the axial system whereas a 
tangential section cuts a ray approximately perpendicular to its horizontal extent and 
reveals its height and width (Fahn 1997). 
In transverse sections the secondary xylem shows more or less orderly radial 
seriation of cells - a result of the origin of cells from tangentially dividing cambial 
cells. In vessel containing dicotyledons this seriation maybe somewhat obscured by 
the ontogenetic enlargement of the vessel members and the consequent displacement 
of adjacent cells. Radial sections also reveal the radial seriation, and they indicate that 
the radial series of the axial system are superimposed one upon the other in 
horizontal layers or tiers. The tangential sections in some woods, the cells of one tier 
unevenly overlap those of another; in others the horizontal layers are clearly 
displayed in tangential sections. Thus some woods are non-stratified or non-storied 
while others are stratified or storied. The storied condition is especially pronounced 
when the height of ray matches that of a horizontal layer of the axial system. Esau 
(2002) explains that from the evolutionary aspect the storied woods, derived from 
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vascular cambia with short fusiform initials, are more highly specialized than the 
non-storied woods, derived from cambia with long fusiform initials. 
Two principal types of woods are recognized on the basis of distribution of 
pores in a growth layer: diffuse porous wood with pores rather uniform in size and 
distribution throughout a growth ring; ring porous wood with pores distinctly larger 
in the early wood than in the late wood. The ring porous condition appears to be an 
indication of evolutionary sp>ecialization and occurs in comparatively few species. A 
pore is called solitary when the vessel is completely surrounded by other type of 
cells. A group of two or more pores appearing together form a pore multiple. TTiis 
may be a radial pore multiple, with pores in a radial file, or a pore duster, with an 
irregular grouping of pores. Although vessels or vessel groups may appear isolated 
in wood transections, in three-dimensional space the vessels are interconnected in 
various planes. 
The distribution of the axial xylem parenchyma shows many intergrading 
patterns. The spatial relation to vessels, as seen in transections, serves for the division 
in two main patterns: apotracheal, parenchjmtia not definitely associated with the 
vessels; paratracheal, parenchyma consistently associated with the vessels. The 
apotracheal is further sub-divided into: apotracheal diffuse, single parenchyma cells 
or parenchyma strands scattered among fibres; apotracheal banded, boundary or 
marginal parenchyma with single cells or a band at the end or at the beginning of a 
growth layer. The paratracheal parenchyma appears in the following forms: scanty 
vasicentric, forming complete sheaths around vessels; aliform vasicentric with wing-
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like tangential extensions; and confluent coalesced aliform forming irregular 
tangential or diagonal bands. From the evolutionary aspect the apotracheal and 
diffuse patterns are primitive (Jane 1970). 
The ray of dicotyledons maybe one to many cells wide, i.e., they maybe 
uniseriate or multiseriate and remge in height from one to many cells. The 
multiseriate rays frequently have uniseriate margins, hidividual rays maybe 
homocellular, i.e., composed of cells of one form only, either procumbent or upright, 
or heterocellular, i.e., having two morphological cell types, procumbent and upright. 
The entire ray system of a wood may consist of either homocellular or heterocellular 
rays or of combinations of the two types of rays. On this basis the ray tissue system is 
classified into homogenous, rays all homocellular (procumbent cells only), or 
heterogeneous, rays all heterocellular or combinations of homocellular and 
heterocellular. Further variations between homogenous and heterogeneous ray 
tissues result from combinations of uniseriate and multiseriate rays or absence of 
multiseriate rays (Jane 1970). 
I [iii] Bark 
The term bark is defined as the tissues lying between the epidermis and the 
vascular cambium of an axis, either in primary or secondeiry state of growth; it 
includes the primary phloem, the cortex and the epidermis. The old shoots rurming 
in secondary state of growth, the bark includes, the secondary phloem, the primary 
tissues that may still be present outside the secondary phloem, the periderm and the 
dead tissue outside the periderm. Whitmore (1962) classified the tissues lying outside 
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the vascular cambium into two separate zones and named them as the living 'inner 
bark' and the dead 'outer bark', which are distinct in colour and texture to the 
unaided eye. According to Whitmore (1962) the outer bark is the 'rhytidome' which 
is composed of one or more layers, each consisting of a 'periderm' and a zone of 
tissues it has cut off from the axis. The layers of the rhytidome may be of various 
shapes and sizes. The inner bark tissues cut off by the periderm sooner or later die, 
alter in colour and start to decay. Typically the outer bark is composed largely of 
successive layers of dead inner bark tissue and the periderms themselves are only 
thin sheets making up a small fraction of the whole outer bark. 
It is important in the first instance to study the bark of a group of related 
species. Minor variations in the bark can then be followed. My intention is to study 
the developmental and environmental variations. The bark tissue niay be analyzed 
into four components which interact and produce various features of the surface. 
These are - secondary phloem laid down at the cambium; expansion tissue 
developed mainly from the phloem rays; phloem proliferation tissue developed 
from the parenchyma of the conducting phloem and periderm. The secondary 
phloem doesn't vary as the other components do. The outer bark is acted upon by 
external weathering processes and tangential strain to produce the fissures and 
ridges of the surface. The periderms and weathering processes control the sloughing 
of the bark and hence also its surface texture and colour. The surface pattern of the 
bark is a visual summation of the surface configurations, the sloughing pattern, the 
texture and the colour. The splash appearance (oblique tangential section through the 
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bark) is a visual summation of the inner and outer bark. Barks are recognized in the 
forests from the subjective, unanalyzed appearance of surface pattern and slash 
(Whitmore 1962). 
Inspite of the fact that Indian sub-continent is one of the richest tropical tree 
flora on earth, the studies on the radial growth of these trees, i.e., the activity of 
cambium, its structure and behaviour are still meager. Much, therefore, remains to be 
known about the growth phenomenon of Indian tropical trees, particularly the 
vascular cambium and its derivative tissues, xylem and phloem, their cellular 
organization with age atnd varying climatic conditions. 
The tropical trees in general exhibit a continuous growth unlike temperate 
ones where the growth phenomenon is sharply rhythmic. A majority of tropical trees 
grow in multiple flushes or in an intermittent manner due to the prolonged 
favourable climatic conditions which prevails in the tropical belt. Keeping in view the 
aforesaid, the present anatomical studies are an attempt to elaborate the structure 
and behaviour of vascular cambium and its derivative tissues in some Rutaceae 
members in relation to various seasonal conditions of the study-site and age of the 
trees. My study includes the following aspects:-
1. Structure and activity of vascular cambium. 
2. The effect of climate and age on the activity and structure of vascular 
cambium. 
''v Production of phloem and its derivatives. 
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4 The effect of climate and age on structure and functioning of phloem and 
its derivatives. 
5. Production of xylem and its derivatives. 
0 The effect of climate and age on the structure and functioning of xylem and 
its derivatives. 
7. Quantitative estimation of tissue. 
In fact no information is available with regard to the cambial activity and 
formation of its derivative tissues in Gtrus species of Rutaceae family. It is 
noteworthy that Citrus is of immense medicinal importance as well as economic 
value. 
I [iv] About Family Rutaceae 
The family Rutaceae commonly called as Boronia Family consists of about 140 
genera and 1,300 species (Lawrence 1951) of aromatic trees, shrubs and a few herbs, 
distributed throughout the warm and temperate regions on the earth, being most 
abundant in South Africa and Australia. Engler (1895) regarded 120 genera and 1,200 
species; Willies (1966) mentioned 150 genera and 900 species; Cronquist (1981) 
regarded 1,600 species in this family. In India it is represented by about 75 species 
belonging to more than 16 genera. 
These are cultivated or wild growing trees or shrubs (sometimes climbers), 
rarely herbs abounding in pellucid glands filled with essential oil. Some of the genera 
at present included in it are of considerable interest from the point of view of 
taxonomy, as well as anatomy of the secondary xylem. The wood is somewhat 
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uniform in structure, usually pale yellowish-white without contrast between 
heartwood and sapwood. They are fine to moderately coarse textured. The hardness 
and density vary from rather soft and light to extremely hard and heavy, but, the 
majority are rather dense and hard. Growth rings are usually distinct due to bands of 
concentric initial parenchyma occurring at regular to irregular intervals. The Indian 
Rutaceae woods are mostly diffuse porous. Vessels small to medium sized, often 
very small, typically in multiples and some times with a distinct radial or oblique 
pattern, ring porous or semi-ring porous. Parenchyma as a rule scantily developed, 
but the concentric bands are prominent. Some genera show distinct aliform to aliform 
confluent parench)mtia as in Citrus. Rays are usually fine and generally closely 
spaced. Some members contain gummy deposits in their vessels and parenchyma 
cells. Apart from timber, the economic importance of this family is mainly due to 
genus Citrus Linn, which provides several well known fruits of commerce such as 
Oranges, Grape-fruits, Tangerines, Lemons, Lime, Pomelo or Shaddock. 
I [v] Citrus 
A genus of evergreen, usually armed, aromatic shrubs or small trees 
distributed in the Indo-Malayan region. South-east Asia and China but cultivated 
throughout the tropical and temperate regions for fruits. Currently, Citrus is 
commercially grown primarily between the latitudes 40°N to 40°S. 
Hemisphere Countries 
Northern Algeria, China, Cuba, Cyprus, Egypt, Greece, Israel, Italy, Japan, 
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Lebanon, Mediterranean, Mexico, Morocco, Spain, Tunisia, 
Turkey, Russia, United States 
Southern Argentina, Australia, Brazil, Qule, South Africa, Uruguay, 
Venezuela 
Brazil is now the largest producer of Citrus world wide. The United States is 
the second largest producer of Citrus overall, and the largest producer of grapefruit. 
China has significantly increased production to become the third largest producer of 
oranges worldwide. Spain is the fourth largest producer followed by Mexico, Italy, 
Japan, Egypt, Argentina, Turkey, Israel, Morocco and Greece. Southern hemisphere 
countries with subtropical climates, such as Argentina, Uruguay and Chile, have 
developed export industries for the off-season in the northern hemisphere. Although 
South Africa is one of the smaller producers by world standards, it sets the example 
for the development and export of Citrus amongst the southern hemisphere countries 
which include the continents of Australia and South America. 
All tropical and marginally tropical countries of the world produce some 
Citrus, mostly from backyard plantings or small scale farmers, which are sold locally. 
Tropical areas have limited production capabilities because of extremely dry or wet 
climates and/or disease limitations. India still produces a moderate amount of Citrus 
despite these constraints. About 22 species occur in India. There is considerable 
difficulty in classifying the species of this genus partly because of their close 
resemblance and partly because of the tendency to hybridize. 
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Types of Citrus cultivars and their place of origin: 
Types of Citrus 
Citron {Citrus medica L.) 
Year of origin Place of origin 
330 BC 
Sour orange {Citrus aurantium L.) 700 BC 
Limes (Citrus aurantifolia L.) do-
Lemon {Citrus litnon L.) do-
Sweet orange {Citrus sinensis L.) do-
Shaddock {Citrus grandis L.) do-
Grapefruit {Otrus paradisi L.) do-
Mandarin {Citrus reticulata L.) do-
China and India 
South-east Asia 
East Lndia 
do-
South-east Asia 
Malaysia and India 
West Indies 
Indo-China 
It is believed to be a native of south China, Malaysia and the sub-Himalayan 
parts of the erstwhile Assam. Citrus originated in the Malay Archipelago and in 
Southeast Asia. However, more recent evidence suggests that Yunnan province in 
south-central China may be the center of origin due to the diversity of species found, 
and the network of rivers in this area which could have provided "on route dispersal" 
to the south. Movement of Citrus to Africa from India probably occurred during 700-
1400 AD. Limes and oranges were introduced to the Americas by the Mediterranean 
explorers and settlers centered in Hispaniola, also to the Caribbean by the Spanish, 
and to Bahia and Brazil by the Portuguese. The movement of Citrus through the 
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Americas was aided by the development of missions by the Roman Catholic Church 
who established plantings of various fruits including citrus. 
It occupies a place of considerable importance in the fruit economy of the 
country. It comprises the third largest fruit industry after mango and banana and 
occupies about 7.5% of the land under fruits. Among the Citrus fruits of commerce, 
oranges are the most important as fresh fruit and they contribute to roughly 80% of 
the world's Citrus fruit production. They belong to three species, C sinensis (Linn.) 
Osbeck, the sweet orange; C. reticulata Blanco, the mandarin or tangerine orange with 
its hybrids; and C aurantium Linn., the bitter or sour orange. Sweet oranges are by far 
the most important species elsewhere but in India they constitute only 23% of area 
under Citrus and include the common dessert and juice oranges. 
Four species of genus Citrus; available in and arotmd district Aligarh, Uttar 
Pradesh, India; have been selected for a comparative anatomical studies on the 
aspects as described earlier-
1 - Citrus limon (Linn.) Burm.f. 
Classification (Hutchinson 1959) -
Class 
Series 
Order 
Family 
Genus 
Dicotyledons 
Lignosae 
Rutales 
Rutaceae 
Citrus 
Species - Limon 
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Hindi - Baranibu, Jambira, Paharikaghzi, Paharinimbu, Kinnanibu. 
Distribution :- The true home of the lemon is unknown, though some have linked it 
to northwestern India. It is supposed to have been introduced into southern Italy in 
200 A.D. and to have been cultivated in Iraq and Egypt by 700 A.D. It reached Sicily 
before 1000 and China between 760 and 1297 A.D. Arabs distributed it widely in the 
Mediterranean region between 1000 and 1150 A.D. Christopher Columbus carried 
lemon seeds to Hispaiuola in 1493. The Spaniards may have included lemons among 
the fruits they introduced to St. Augustine. They were grown in California in the 
years 1751-1768. Lemons were reported to be increasingly planted in northeastern 
Florida in 1839. 
Guatemala has in the past 2 decades developed commercial lemon culture. 
Southern Mexico, too, is now a major grower of lemons, also primarily for lemon peel 
oil. Lemons are rarely grown for the fresh fruit market in Latin America. In South 
America, Argentina leads in lemon culture with Chile a distant second. Among the 
world's leading lemon growers and exporters are Italy, Spain, Greece, Turkey, 
Cyprus, Lebanon, South Africa and Australia. Lemons can be grown only at medium 
and high elevations in the Philippines. 
Commonly cultivated in gardens and plantations throughout India but grown 
commercially in Assam, Bihar, West Bengal, Punjab, Orrisa, Rajasthan and Tripura. 
Lemons occupy about 5,663 ha which accounts for 5.4% of total area under citrus 
with an annual production of 64,406 tonnes (Phondke 1992). 
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Description :- A tree upto 6m in height, of spreading habit, thought to be native to 
India but not found growing wild anywhere. Spines small, stout; leaves light green, 
oblong to elliptic ovate, lanceolate, sharp-pointed, sub-serrate, petioles narrowly 
winged; flowers purple in the bud, large; fruits ovoid or oblong 7.5-12.5 cm long with 
a terminal nipple, very acid; seeds few, small (Phondke 1992). 
Uses :- It is widely used in the preparation of lemonade, squash and home made 
sherbet. It is used as a garnish for fish and meat, for various culinary preparations, 
e.g. lemon pies, lemon cakes and lemon ices and as flavouring for candies, jellies, 
jams and marmalades. The expressed juice of the ripe fruit is largely used in the 
preparation of cooling beverages and effervescent draughts. It is employed as a stain 
remover and as a bleaching agent. Lemon peels are preserved in brine and candied. 
They are also used for the preparation of lemon oil, lemon syrup, lemon tincture and 
flavour for medicinal preparations. The waste peel from juice factories, after 
dehydration and grinding, are used as stock feed. The wood is fine-grained, compact, 
and easy to work. In Mexico, it is carved into chessmen, toys, smaU spoons, and other 
articles. In China the leaves are used as tea substitute, or dried leaves are mixed with 
tea-leaf to flavour it (Watt & Breyer-Brandwijk 1962; Tanaka's Cyclopedia 1976). 
Medicinal properties :- The fruit, in the form of prickles, is useful in hypertrophy of 
spleen. Lemon peel is stomachic and carminative. Oil of lemon is stimulant and 
rubefacient when applied externally. Lemon juice is one of the best remedies for 
scurvy and serves as a refrigerant in febrile and inflammatory affections, acute 
rheumatism, dysentery and diarrhoea. The juice diluted with water is used as a 
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coUyrium. In South Africa the juice is used with sah a ring worm remedy. Lemon 
juice may be used in preparing effervescent, diaphoretic and diuretic draughts. In 
Italy, the sweetened juice is given to relieve gingivitis, stomatitis, and inflammation 
of the tongue. It is a well known French remedy; lemon juice in hot water has been 
widely advocated as a daily laxative and preventive of the common cold. The juice 
also possesses bactericidal property (Watt & Breyer-Brandwijk 1962). 
2 - Citrus paradisi Macf. 
Classification (Hutchinson 1959) -
Qass - Dicotyledons 
Series - Lignosae 
Order - Rutales 
Family 
Genus 
Species 
Hindi- Chakotra. 
Rutaceae 
Citrus 
paradisi 
Distribution :- It originated in the West Indies and has been commercialized in USA 
during the past half centaury. The oldest known mention of grapefruit comes from 
the 17th century, when this evergreen fruit tree was discovered on the island of 
Jamaica in 1750 by Griffith Hughes who called it the "forbidden fruit" of Barbados -
hence the Latin name "paradisi". In 1789, Patrick Browne reported it as growing in 
most parts of Jamaica. The English term, "grapefruit" stems from a most inaccurate 
description. A botanist named John Lunan, writing about the horticulture of the 
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island in Hortus Jamaicensis, claimed the large round yellow fruit tasted like grapes. 
The name stuck, regardless of Lunan's faulty characterization, however early 
varieties of grapefruit did look much like huge clusters of grapes, as the fruit hung in 
a btmch on a single branch. William C. Cooper, a citrus scientist (USDA, ARS, 
Orlando, Florida, to 1975), traveled widely observing all kinds of citrus fruits. In his 
book. In Search of the Golden Apple, he tells of the sweet orange and the grapefruit 
growing wild on several West Indiem islands. He says that it was from the nearby 
Bahamas Islands in 1823 that Cotmt Odette Phillipe took grapefruit seeds to Safety 
Harbour near Tampa, Florida. 
Today it's the second most important citrus worldwide and a key commercial 
crop in the U.S. states of Texas, Arizona, California and Florida. In Florida alone, 
more than 2.5 million tonnes of grapefruit are harvested annually. The U.S. now 
produces 60% of the world's grapefruit crop. Cultivation has reached commercial 
proportions in Jamaica and Trinidad and spread to Brazil, Spain, Jordan, South 
Africa, South America, Israel and Asia. Other countries which had entered the 
grapefruit industry are Mexico, Argentina, Cyprus, Morocco and some areas of South 
America which raise grapefruit for local markets. In recent years, the grapefruit has 
become established in India in hot regions where the sweet orange and the mandarin 
are prone to sunburn. 
Though grown in India in the arid, irrigated regions of Punjab and Haryana, it 
has not attained any commercial importance (Phondke 1992). 
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Description :- It is known to be an apomictically stabilized hybrid between C grandis 
and C sinensis. A large spreading round-topped tree with dense foliage, few and 
relatively small thorn or almost thomless. Leaves large with winged petiole; flowers 
in clusters; fruits in clusters (like grapes), around 250 fruits of medium size per plant, 
sub-globose, light yellow, rind medium thick, yellow and smooth, flesh pink, sweet 
with bitter after taste; seeds white, smooth (Phondke 1992). 
Uses :- It is occasionally used as a root stock outside India. Trees of grape fruit are 
shy bearers; yields are less but the fruit quality is high. It is used mainly as a 
breakfast fruit served in halves, in section, or as juice because of its refreshing flavour 
and mild bitterness. It is also caimed and the peel is candied. The bitter principle is a 
tonic. Dry and fortified wines, brandies and cordials are prepared from the fruit. The 
peels are rich in pectin and may be employed in making jellies. Peels and seeds are 
fed to cattle. Old grapefruit trees can be salvaged for their wood. The sapwood is 
pale-yellow or nearly white, the heartwood yellow to brownish, hard, fine-grained, 
and useful for domestic purposes. Mainly, pruned branches and felled trees are cut 
up for firewood (Kumamoto et al. 1987; Singh et al. 1964; Dhillon et al. 1982-83; Rajput 
& Haribabu 1985; Tanaka's Cyclopedia 1976; Aiyappa & Srivastava 1965). 
Medicinal properties :- The limonoids present in the seeds are: limonol, 
deoxylimonol, obacunol, isolimonic acid and deoxylimonic acid. An enzyme, 
deoxylimonic acid A-ring lactone hydrolase has also been reported in the seeds 
which catalyses the conversion of deoxylimonic acid to limonic acid D-ring lactone. 
The presence of coumarins and flavonoids in the fruit is reported. 
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Grape fruit is rich in vitamins C, A and B and minerals (calcium, iron and 
phosphorus), which balance the acid reaction in the stomach and keep the digestive 
tract clean and healthy and stimulate appetite. An essence prepared from the flowers 
is taken to overcome insomnia, also as a stomachic and cardiac tonic. The pulp is 
considered an effective aid in the treatment of urinary disorders. Leaf extractions 
have shown antibiotic activity (Kumamoto et al. 1987; Singh et at 1964; Dhillon et al. 
1982-83; Rajput & Haribabu 1985; Tanaka's Cyclopedia 1976; Aiyappa & Srivastava 
1965). 
3 - Citrus reticulata var. kinuoiv 
Classification (Hutchinson 1959) -
Class - Dicotyledons 
Series - Lignosae 
Order - Rutales 
Family - Rutaceae 
Genus - Citrus 
Species - reticulata var. kinncnv 
Hindi- Kinnow. 
Distribution :- It has originated in India and performs well in Punjab and Kamataka. 
Kinnows are also cultivated in the lowers hills of Rajasthan, Uttar Pradesh, 
Kodaikanal region of Tamil Nadu and Coorg (Phondke 1992). 
Description :- It is a hybrid between King Orange and Willow Leaf Mandarin. A 
small spiny strong growing tree 4-6m in height with a dense top, tall and columnar 
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with numerous long, slender, ascending and vertically thomless branchlets; leaves 
medium large, broadly lanceolate with prominent midrib; petioles narrowly winged 
or slightly margined, articulated; flowers white, single or in unbranched 
inflorescence; fruits globose to slightly oblate, medium sized, both base and apex 
slightiy depressed, skin attractively orange-coloured, tight, tough and leathery; rind 
adherent but peels easily, segments 10-12, don't separate easily; flesh bright golden 
yellow, fine textured, very juicy, melting, deep yellowish orange, rich and aromatic 
flavour, with a fine sugar acid blend (Phondke 1992). 
Uses :- The rind of the fruit on expression yields oil which is rich in limonene. 
Petitgrain oil is obtained from the leaves and twigs. Mandarin peels yields 0.84% oil 
on cold pressing and 2.35% on steani distillation. The peel oil showed fairly good 
anti-fungal activity against Aspergillus nidulans (Eidam) Wingate, A. niger van.Tiegh., 
Cladosporiutn herbarum (Pers.) Link.ex.Fr. and Fusarium oxysporium Schlecht.ex.Fr. 
(Gupta & Singh 1983). 
Medicinal properties :- It is considered effective in fevers, coughs, acne, and is said 
to be an antidote to fish and shellfish poison. 
4 - Citrus sinensis (Linn.) Osbeck. 
Classification (Hutchinson 1959) -
Class - Dicotyledons 
Series - Lignosae 
Order - Rutales 
Family - Rutaceae 
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Genus - Citrus 
Species - sinensis 
Hindi- Mosammi, Malta. 
Distribution :- Origin is obscure, possible Asia in southern Ouna and Vietnam, 
possibly an introgressed hybrid of C. maxima x C reticulate (Huxley 1992). Sweet 
oranges are cultivated both in the sub-tropical, humid regions of North India and the 
tropical, humid regions of South India. In the north, cultivation is mostly confined to 
the irrigated plains of Pimjab, northern Rajasthan and western Uttar Pradesh. In the 
south, sweet oranges of good quality are cultivated in the districts of Rayalaseema 
and northern Circars in Andhra Pradesh. In the western region, fine quality fruits are 
grown under irrigation in the dry climate of Pune and Ahmednageu- and adjoining 
regions of Maharashtra (Singh 1969). 
Description :- A medium to large pendulous tree upto 9m in height with dense 
foliage and slender axillary spines. Leaves oval or ovate-oblong, smooth, shinning, 
entire, petioles narrowly winged; flowers axillary, in clusters of 1-6, white, sweet-
scented; fruits globose or oblate, light orange to yellow core solid, rind smooth, 
lightly adhering, pulp juicy, sub-acid, yellow to orange, segments tightly attached to 
each other, juice-sacs spindle shaped; seeds few to many; white inside (Phondke 
1992). 
Uses :- The fruit is juicy and nutritious and has a good flavour. It is highly esteemed 
as a dessert fruit. A turbid yellow juice with a characteristic odour and taste of fresh 
oranges is obtained on expression. It is a rich source of anti-scorbutic vitamin. The 
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fruits are sliced and dehydrated until brittle, ground to powder and extensively used 
as flavouring material for cakes, pies, cookies and plug tobacco. Orange janr\ is 
prepared from the residual pulp, after straining the juice; marmalade is also made 
with this fruit. The essential oils obtained from the flowers of sweet orange (neroli 
oil) and from the leaves and yovmg shoots (petitgrain oil) are used in the preparation 
of essences and perfumes. As a flavouring agent, sweet orange peel is employed in 
the form of infusion, tincture or syrup. It is used in distilleries for making spiced 
spirits. The sugars present in the peels may be ferm^ented to produce acetone and 
butyl alcohol. Sweet orange peel is also candied. Leaves are used to make tea 
(Phondke 1992). 
Medicinal properties :- Sweet orange is reported to pvuify blood, allay thirst in 
fevers, cure catarrh and improve appetite. The juice is useful in bilious affections and 
stops bilious diarrhoea. The inner white peel and the rag if consumed along with 
juice and pulp are laxative. The rind is carminative. Fresh rind is rubbed on the face 
as a remedy for acne. The dried outer portion of the rind possesses stomachic and 
tonic properties. The peels are also used to relieve toothache and earache (Duke 1986; 
Randhawa & Srivastava 1986; Aiyappa & Srivastava 1965). 
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Unit-II Geographical Set-up 
11 [i] Area of study 
The study area, Aligarh is one of the seventy one districts of the state of Uttar 
Pradesh in Northern India, located at a distance of 90 miles southeast from India's 
capital New Delhi. The district Aligarh spreads from 27*28' - 2810' North latitude 
and 77''29' - 78°36' East longitude at an elevation of 178m. The greatest width from 
west to east is about 116 km and the n\aximum length from north to south is about 72 
km and forms part of the fertile Ganga-Yamuna 'Doab'. The district spreads over 
4023 sq. Km and this area varies slightly from year to year due to the changing 
courses of river Ganga and Yamuma. River Ganga separates the district from Budaun 
for a few kilometers in the northeast while river Yamima constitutes the dividing line 
in the North West between Aligarh and Gurgaon district of the state of Haryana to 
the north, the boxmdary is formed by Anupshahar and Khurja tehsils of district 
Bulandshahar. On the west and south west lie Chatta, Mat and Sadabad tehsils of 
Mathura district while in the southeast and east the boundary is formed by Jalesar, 
Etah and Kasganj tehsils of Etah district (Fig. II a). 
II [ii] Structure and relief 
The district Aligarh lies in an exterwive alluvial plain formed by the deposition 
of alluvium in a fore deep. The plain in Aligarh district, like a true representative of 
the Gangetic plain, is generally level with imperceptible slope from north to south. It 
is remarkably homogeneous in character but at some places ridges alternated by 
depressions are found especially in the western part of the district. These ridges are 
mostly seen in Khair and Iglas tehsils. There is an imperceptible large depression in 
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Fig. II[a]: Location of study area Aligarh 
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the centre of the district, which in the north is narrow but gets wider towards the 
south and eventually passes into the adjoining district of Etah. This depression is 
characterized by the presence of clayey soils with imperfect natural drainage and as a 
result of this, the area is dotted with numerous lakes and is characterized by the 
presence of usar patches with reh deposits. On both sides of this depression, there is 
higher groimd. The western higher ground occupies a tract of considerable size 
contairung soils which are lighter and fertile. In the east, the higher ground again 
descends in to slight depression formed by the river Kali-nadi. These 
depressionshave been formed as a result of fluvial action coupled with that of strong 
westerly winds. A dose look at the topography of the district reveals that it has a 
shallow through of sauce-pan-shape. 
II[iii] Climate 
Aligarh district experiences tropical monsoon climate characterized by two 
extreme conditions of severe cold in winter and oppressive heat in summer with a 
rainy season in between. The character of the climate is similar to that prevalent in 
the western part of Uttar Pradesh. The district is affected by the northeast and 
southwest monsoon in a year. Based on these two monsoons winds, the Indian 
Meteorological Department has divided the year into four seasons:-
1. Cold weather season (December- February). 
2. Hot weather season (March-Mid June). 
3. Season of general rains (Mid June- Mid September). 
4. Season of retreating monsoon (Mid September- November). 
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1. Cold weather season 
The prevalence of cold and dry air is the niain characteristics feature of this 
season. Sky is generally clear and cloud cover rarely exceeds two tenth. The weather 
is fine, temperature and humidity both are very low. Ehiring this season, the 
temperature falls and pressure rises as a result of which a high pressure belt develops 
over north India. 
The beginning of the season is marked by a considerable fall in temperature. 
The mean monthly maximum temperature varies from 17.2°C - 23.2°C in November 
and it falls during December and varies from 14.8°C - 16.2°C. The temperature 
experiences a further decrease in January when the average comes down to 10.6°C. 
As compared to January, temperature starts rising from February and its average 
vary from 15.7°C - 18.6°C (Figs. II b - d). The direction of prevailing winds during the 
season is normally from west and northwest to east and southeast. The winds during 
the winter season are light and generally blow at an average speed of about 3.2 
km\hr. Winds are mostly dry owing to their continental origin. 
The rainfall in winter months is very low and irregular. This rain is brought by 
the western depressions originating in the north of Atlantic and proceeding 
eastwards with the prevailing westerlies. The average rainfall in Aligarh, caused by 
these disturbances, is varied from 0.0 - 94.4 mm from December to February. 
Hailstorms, sometimes accompanied by cold weather storm and frost also occur 
occasionally. With these few exceptions, generally the weather in the winter season is 
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pleasant. By the end of February the sun moves northward as a result of which the 
temperature rapidly rises and hot weather season sets in by March (Figs. II b - d). 
2. Hot weather season 
This season begins with a rise in temperature and decrease in pressure. The 
maximum average temperature in March is about 22.3°C, while the minimum 
temperature is 12.4°C. The maximum and minimum temperature continues to rise 
through April until the highest temperature of the year is recorded in the month of 
May and June. The temperature of May and June goes up as high as 43°C or 44°C and 
even more than 46°C for days in both the months. The average maximum and 
minimum temperature is found Veirying from 39.3°C - 31°C and 20.1'C - 29.8°C. The 
days during these months are characterized by intense heat, dry air and low relative 
humidity. The diurnal range of temperature is quite high due to which the days are 
warm and hot but nights are pleasant (Figs. 11 b - d). 
The hot and dry winds which blow with great velocity are a regular 
phenomenon. These winds are characteristic of this season and are locally known as 
"loo". The velocity of winds increases from 5.5 km\hr. in March to maximum of 70.5 
lan\hr in June. These winds are usually calm during the night hours, but from 8.00 
a.m. - 1 or 2 p.m., the velocity increases rapidly and during the next 2 or 3 hrs it 
blows almost with the force of a gale, after which it again falls very rapidly until 6 
p.m. when it is light and nearly calm. The humidity is lowest in these months, 
occasionally falling to 24.4% (Figs. 11 b - d). 
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A peculiar phenomenon of this season is the occurrence of dust thunderstorms 
which are locally known as "andhis". They are caused by the conventional 
movements of air, and are strongest. The frequency and strength of these storms 
increases with the advancement of season. During the period of May and early June 
they are more frequent and sometimes move at a speed of 48 - 64 km\hr. These 
storms are short lived and sometimes they cause rains with winds, thunder and 
blinding dust. However, it brings an appreciable decrease in the temperature. The air 
becomes cold and one gets temporary relief from the oppressive heat. No rainfall, 
except for a small amount accompanied by the thunderstorms, makes drought 
situation severe during this season. 
3. Season of general rains 
By the middle of June, changes occur in the weather phenomenon. Due to 
excessive heat in summer months, a low pressure axea. develops in the north-western 
India and by the middle of June it brings a complete reversal in the air movements. 
The atmospheric pressure continues to decrease till the first week of June when it is 
lowest and the winds start to move from sea towards land. With the arrival of humid 
oceanic currents in July to August, the mean temperature goes down up to 32.9°C in 
July. The relative humidity increases from 38.9% to 87.3% during June, July and 
August. The rainy season is characterized by overcast sky having an average cloud 
cover about seven tenth in July which rarely exceeds two tenth during the summer 
months (Figs. II b - d). 
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The time of the onset and retreat of monsoons varies from year to year. 
Generally, the rains set in by the end of June or by the first week of July and continue 
till the end of September or by the first of October, July and August are the rainy 
months and having average rainfall varying from 157.05 mm in 2005, 192.3 mm in 
2006, and 235 mm in 2007 respectively but in September there is a marked decrease in 
rainfall. The average rainfall during September of 2005, 2006 and 2007 is 65.48 mm. 
The incidence of rainfall is not continuous throughout the season but it takes place in 
brief spells of cloud burst and usually two to three days of continuous rain followed 
by an interval of a week or so when there is almost no rain. The decreasing trend of 
rains in September gradually ceases by the end of this month or early October (Figs. 
II b - d). 
4. Season of retreating monsoon 
The southwest monsoon ends by September or from the begirming of October. 
Usually this monsoon retreats gradually and September has hot and sticky weather 
with a distinct rise in temperature which however, comes down by the end of 
October. The intensity of monsoon now decreases and rainless intervals become 
longer. The retreat of monsoon takes place by a series of intermittent rains and dry 
weather. With the recession of monsoon, the precipitation falls and weather becomes 
dry and warm. During this period, the sky is clear and relative humidity falls to 
55.3%. The precipitation in October is sometimes nil and cloud cover rarely exceeds 
one-tenth. Sunshine due to clear sky causes a slight increase in the day temperature 
but the temperature in the night decreases slightly because of the dryness of air. 
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However, by the end of October the humid oceanic currents are replaced by the dry 
continental air. 
Thus, it is a season when southwest monsoon retreat )delding place to 
northeast monsoons. This period may be considered as the period of transition 
between the hot wet weather and cool dry weather. The temperature during this 
season is uniformly high in the beginning of October but by November it begins to 
decrease more sharply and a cool weather sets in by December with temperature 
around 14.8°C to 16.2°C (Figs. II b - d). 
II [iv] Vegetation 
The Aligarh district lies in the subtropical belt having deciduous type of 
vegetation. This district was once covered by dhak jungles which have been cleared 
for cultivation purpose. A certain amoimt of dhak jungles however are still found 
scattered in patches in the clayey and usar tracts in the khadar of Ganga, there is a 
considerable extent of tamarisk (Tamarix dioica), an evergreen shrub on the ntore 
recent alluvium of the rivers. In the khaddar of Yamuna, there is a narrow belt of 
tamarisk which is followed by broad stretches of waste covered with that clung grass. 
The eastern part of the district has more trees than the western part. 
II [v] Type of soils 
The soils in general differ greatly in texture and consistency, ranging from 
sandy through loams and silts to heavy clay. They change in texture from sandy 
along the river Ganga in the east to sandy loam and then the clayey loam in the 
middle of the district. Further, westward, the reverse order of texture is seen from 
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clay loam in the middle, through a sandy loam to finally a sandy bed along the river 
Yamuna. Variation in texture, chemical composition and consistency of the soil 
character has forced pedalogists to follow different classification to suit their 
purpose. 
Six categories of soils are: 
1. GangaKhadar 
2. Eastern upland 
3. Central lowland 
4. Western upland 
5. Yamima Khadar 
6. Trans Yamuna Khadar 
A simple and functionally useful classification is however presented by four 
types of the soils in the district: 
1. Younger Alluvial soils 
2. Calcareous Alluvial soils 
3. Saline and Alkali soils 
4. Older Alluvitun 
1. Younger Alluvial soils 
These soils occupy narrow belts in the eastern comer along the river Ganga 
and the western comer along the river Yamuna. These tracts are flooded every year 
and thus regularly receive new deposits of silt and sand. They are not mature and the 
profile shows many layers of younger alluvium. These soils are light grey to dark 
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grey in colour and sandy to silty loam in texture. The water table is high and usually 
present near the surface. The drainage in soU is therefore imperfect, restricted and 
poor. During the summer months wide spread salt efflorescence n\ay be seen on the 
surface. The soils are saline in nature and alkaline in reaction. Agriculturally, the soils 
are not well developed because of floods, water logging and saline efflorescence but 
cultivation is possible. Most of the land is devoted to the cultivation of salt tolerant 
crops such as sugarcane, paddy etc. 
2. Calcareous Alluvial soils 
These soils are found in Iglas tehsil, Mursan block, Atrauli and Gangiri block 
of Atrauli tehsil. In Iglas tehsil, they extend over mainly the Gonad block. In Atrauli 
tehsil they occupy narrow belts in the western part of Atrauli and Gangiri blocks, 
along the course of Kali nadi. In Iglas block they are found in the southwestern part, 
while in Mursan block found in western, eastern and southern part. The texture of 
such soils varies from sandy to sandy loam. Small sandy ridges are also seen 
especially in Iglas tehsil. These soils are poor in organic matter and other plant 
nutrients. They are rich in calcium carbonate because of which they are called as 
calcareous alluvial soils. For agricultural purpose, they are not good soils due to their 
poor orgaruc matter, sandy nature and presence of soluble salts. These soils are 
mainly suitable for forestry and grazing. 
3. Saline and alkali soils 
Owing to imperfect draining, the district contains vast areas of saline and 
alkali soil having a pH value of above 8.5. Such soils are widely distributed in 
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Sikandra rao and Koil tehsils and in some parts of Khair and Iglas tehsils. The texture 
of these soils varies from loam to clayey loam during the rainy season the soil 
remains submerged and becomes impermeable when it finally dries up. These poor 
soils cannot be utilized without reclamation and proper management. At some 
places, where the intensity of salt is low, some salt tolerant grasses and crops such as 
paddy, barley and sugarcane are cultivated but the yields remain very low. 
4. Older Alluvium 
Older alluvium covers large parts of the district. Its soil profile is mature and 
the texture varies from good quality loam to sandy loam. It is a good, deep, well-
drained, and neutral to slightly acidic soil and can be easily ploughed and cultivated. 
The soil is very fertile and infact some of the highest yields in the districts are 
obtained from this soil. The main crops obtained from these lands are Jowar, Bajra, 
Maize, barley and wheat. 
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Unit-Ill Materials and Methods 
This research work was carried out at the Department of Botany, Aligarh 
Muslim University, Aligarh, India. 
Ill [i] Selection of plants 
Adult and normal trees of comparable age and vigour were selected for the 
study of each species. Nine trees each of C limon and C sinensis were picked u p in 
random from the plantation at the Botaiucal garden located in University fort, 
Aligarh Muslim Uruversity, Aligarh. Nine trees each of C reticulata var. kinnow and 
C paradisi were similarly selected at random from the plantation at Goverrunent 
Jawahar Park, District Aligarh. 
Ill [iil Collection of samples 
Blocks of 1-2 sq. inch size containing sapwood along with attached bark were 
dug out in the middle of the trunks from the southern side of the tree in morning 
hoiu^. The samples were collected at regular intervals for a period of three 
consecutive calendar years (2005, 2006 & 2007). Three samples were collected from 
three trees on each month with a gap of ten days. The next sets of samples were 
collected from the same set of trees at least after three months. Care was taken to 
collect the samples at least 10 cm away from the wounded spot whenever the tree 
was used the next time. 
The samples for ontogenetic study were collected only once during the period 
of study, i.e. in April 2005 for C limon, June 2005 for C. sinensis, September 2005 for C 
paradisi and December 2005 for C. reticulata var. kinnow. Six samples of each species 
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were collected by the aforesaid method at different height levels from individual tree 
on the same day of the month already stated. 
Ill [iii] Fixing & Preservation 
All samples were fixed on spot in F.A.A. (Berlyn & Miksche 1976) and then 
transferred to 70% ethanol after 72 hrs. for preservation. 
Ill [iv] Sectioning 
Suitably trimmed small pieces of these samples were sectioned in transverse, 
tangential and radial longitudinal planes at a thickness of 6-12 nm on a Reichert 
sliding microtome (Austria). Double stained sections in different combinations are 
mounted in Canada balsam after dehydration in ethanol series and clearing in xylol 
(Sass 1958). 
Ill [v] Stains used 
The following stains were used alone and in combination depending on the 
purpose of study: 
1. For bark and wood 
a. Heidenhains Haematoxylin - Safranin 0ohansen 1940). 
b. Heidenhains Haematoxylin - Bismark brown (Johansen 1940). 
c. Tannic add - Ferric chloride - Lacmoid (Cheadle et al. 1953). 
2. For cambium 
a. Heidenhains Haematoxylin. 
b. Tannic acid - Ferric chloride (Foster 1934). 
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Ill [vi] Maceration 
For the study of individual cells maceration was done following the method of 
Ghouse et al. 1974. Safranin was used for phloem and xylem fibres and vessel 
elements while lacmoid for sieve-tube elements. 
Ill [vii] Quantitative estimation of the tissue 
The relative proportions of different types of elements were determined on the 
basis of the area occupied by the respective elements following the method described 
by Ghouse & Iqbal (1975). 
Ill [viii] Biometrical analysis 
Measurement of cambial initials and tiieir derivatives (except for length of 
vessel elements, sieve-tubes and fibers) were carried from transverse and tangential 
longitudinal sections with the help of an ocular micrometer scale under the specific 
magnification of Quasmo IS:3686 compound microscope. The dimensions of the 
fibers, vessel elements and sieve-tubes were taken after macerating the bark and 
wood sepiu-ately following the method of Ghouse et al. 1974. An average of 400 
measurements, macerated or sectioned, was taken on random basis. The mean and 
range of cell dimensions were determined after pooling the readings obtained from 
different samples. 
Rays of varying heights were measured and categorized as short (1 to 10 cells), 
medium (11 to 20 cells) and tall (21 to above cells), whereas widthwise they were 
categorized as uniseriate (one cell wide), biseriate (2 cells wide) and multiseriate (3 or 
more cells wide). 
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Double stained sections were viewed under an Olympus 20CHI trinocular 
optical source compound microscope while macerated materials were viewed under 
a Metzer 555 monocular optical source compound microscope. Original light 
photomicrographs were recorded digitally using an Olympus 5 mega pixels camera. 
Ill [ix] Biostatistical analysis 
The data was subjected to statistical analysis and the range, mean, standard 
error, standard deviation, coefficient of variation and least significant difference were 
calculated. This was performed with the SPSS 15.0 and Minitab 11.12 statistical 
computer softwares. 
1. Range 
The first value represents the lowest limit and the second value represents the 
highest limit of observations in different sets of data. 
2. Mean(X) 
The arithmetic mean is the sum of the number of values divided by the total 
number of observations. 
3. Standard deviation (SD) 
It determines the statistical significance of values obtained and is a measure of 
variability or of dispersion which is the positive square root of mean of the square of 
deviation of the individual observations from their arithmetic mean. 
4. Standard error (SE) 
It is the computational error measuring the variability or fluctuations among 
sample means. 
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5. Coefficient of variation (CV%) 
It measures the relative magnitude of variation present in observation relative 
to magnitude of their arithmetic mean. It is the ratio of standard deviation to 
arithmetic mean expressed as percentage and in a unitless number. 
6. Least significant difference (LSD) 
If the difference between the averages of two treatments exceeds the estimated 
LSD at 5% or 1% level the difference between those treatments is said to be 
significant at 5% or 1% level. 
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Chapter-IV.l The Vascular Cambium 
IV.l[i] The Vascular Cambium : Structure 
The vascular cambium in all the species investigated forms a continuous 
cylinder between the xylem and phloem. It consists of two types of initials, spindle 
shaped elements with long tapering end walls, the fusiform initials, and the almost 
isodiametric or rectangular ray initials. The fusiform irutials appear roughly 
hexangular in tangential sections with long tapering ends, which in all the species 
overlap to a considerable extent. The arrangement of the different components of 
cambium thus leads to the formation of non-stratified structiire in all the species 
investigated (Plates lA, 3A, 5A, 7A). 
The walls of the fusiform initials bear primary pit fields and have distinct 
plasmodesmata connections with the contiguous elements, especially with the ray 
initials. The radial walls of fusiform initials are slightly thicker than the tangential 
ones and appear distinctly beaded during domumcy (Plates IB, 3B, 5B, 7B). 
The length of fusiform cells ranges from 137 - 363 ^m in Citrus litnon, 100 - 463 
Hm in C paradisi, \2>7 - 413 nm in C reticulata var. kinnow and 137 - 375 jim in C. 
sinensis. Tapering end walls of these cells measure from 62 - 100 ^im, 50 - 125 jxm, 62 
- 113 fim and 62 - 100 nm respectively (Table 1). The width of fusiform initials is 
found to vary from 13 - 24 i^m in C. limon, 10 - 31 nm in C. paradisi, 13 - 28 ^m in C 
reticulata var. kinnow and 13 - 24 nm in C. sinensis. Thus, the longest and the widest 
fusiform initials have been found in C. paradisi among the four Rutaceae members 
investigated (Table 1). 
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The ray initials which occur in distinct groups generally form cambial rays 
which vary in width and height to a considerable extent in different species (Plates 
lA, 3A, 5A, 7A). The width of cambial rays varies from 1 - 4 cells, while their height 
varies from 1-66 cells in C. limon, 1 -70 cells in C. paradisi, 1 -44 cells in C. reticulata 
var. kinnow, 1 -56 cells in C sinensis (Table 1) in the investigated species. The size of 
ray initials also varies in different species. The anticlinal and periclinal diameter of 
these initials ranges from 10/6 - 21/21 nm in C limon, 6 / 6 - 2 1 / 2 1 jim in C. paradisi, 
6/6 - 21/17 urn in C. reticulata var. kinnow and C. sinensis (Table 1). 
The cambial rays are classified into three groups based on their height - short 
(1 - 10 cells), medium (11 - 20 cells) and tall (21 - 70 cells). The rays of different 
height occur in different proportion in the different species investigated. Tall rays 
constitute 62% in C. limon, C. paradisi and C reticulata var. kinnow and 51% in C. 
sinensis and medium rays 23% in C. limon, 29% in C paradisi and 30% in C reticulata 
var. kinnow and 28% in C. sinensis, whereas the short rays constitute 15%, 9%, 8% and 
21% respectively in the species investigated (Figs. IV.l a - d). Similarly, the width of 
rays also varies in different species. The uniseriate rays in C limon constitute about 
30% of the total number of rays in a tmit area. While in C paradisi, C. reticulata var. 
kinnow and C. sinensis uniseriate rays number about 26%, 10% and 26% in a similar 
count. Biseriate rays constitute about 16% of the total count in C limon, 21% in C 
paradisi and C sinensis and 18% in C. reticulata var. kinnow; while multiseriate rays 
dominate the cambial zone in all the investigated species with 54%, 53% and 72% 
respectively (Figs. IV.l e - h). Depending on the cambial make-up, the ratio of ray 
I n i | . | \ ()l)s(r\;ilioiis Moiri \ . Khjui I'li.l). I lusiv V.M.I . I\ : 
I/I 
V 
o 
u 
> 
o 
I 
u 
«J 
(I! 
=3 
H 
D 
s 
3 
I 
( 1 O 
1^  
c 
< 
c 
o 
a3E)Ud3J9J 
IB 
e o 
01 
in 
o 
Xk^ ^jA.^ 
c 
=3 
(8 
H 
D 
s 
3 
O 
n 
e o 
•« 
E: 
o 
13 
> 
OH 
^ 
0 
> 
o Z 
- M 
LJ 
O 
a 
<u CT) 
60 
3 
< 
3 
3 
>, m S 
09 J3 
4rf C 
o 
S 
=^  
H 
u 
s 3 
• 
>H 
O 
CD 
CL, 
< 
•SP dH 1 S5 
8 
1 
s« 
o 0^ 
1 
5^ 
o 00 
1 
&5 
p t^ 
1 
S5 
o 
v£) 
1 
S5 
o LD 
1 
;*? 
o 
'^ 
1 
S5 
o t n 
i 
S5 
o 
«N 
1 
??e 
o 
r-i 
•" - t -
r ^ 
o 
c 
<a 
c 
O 
aSetuaaiaj 
e 
o 
01 
O 
e 
H 
D 
s 
o 
O 
O 
0) 
• I H 
(fl 
OH 
flj 
l i 
X 
d o 
• i M 
> 
01 
0) 
u 
OH 
01 
• ^ 
1 1 
8 ON 
1 
O 
00 
1 
o 
1 
o 
1 
o 
1 
o 
1 
o 
CD 
1 
o 
1 
o 
r-H 
J J 
^ 1 
O 
I 
D 
« 
en 
•c 
0) 
•H 
sSBfua^jaj 
0) 
o 
> 
O 
01 
a 
u 
01 
bO 
• 1-4 
••-• (0 
en 
5} 
CO 
•2 
O O O 
93e)ua9J3j 
o 
> 
u 
u 
K 
o 
(A 
o 
o 
0) 
u 
u 
rH 
i 
D 
(U 
en 
0) 
• »-« 
Id 
X H 
X 
b 
c (« 
X 
'S 
o o o o o o 
ID Tf^  fO <N rH 
3SB)ua9jaj 
c 
o 
O 
3 
•XI 
3 
C 
O 
S 
D 
01 
nj 
OJ 
en 
• 
m 
CO 
I 
and fusiform initials differ in different species. In C limon the ray initials constitute 
about 18% of the cambial zone, in C paradisi 23%, in C. reticulata var. kinnow 23% and 
in C. sinensis 24% (Figs. IV.l i -1). 
IV.1 [ii] The Vascular Cambium : Developmental changes in the structure 
In growing shoots, the vascular cambium begins its development at the basal 
intemodes and proceeds towards the apex. The differentiation of ccunbial initials to 
begin with, occurs at different loci in the fascicular regions and later spreads laterally 
to form a ring of cambium. The changes in the cambial structure regarding the size of 
different components and their relative proportion in tangential plane and number of 
cambial layers in transverse plane has been analyzed in the shoot axes of varying age 
and size. 
In transverse sections of the young shoots, the cambial zone consists of 3 - 5 
layers of cells in all the species, while the ntm\ber of cell layers in the cambial zone of 
adult trees varies from 3 - 9 (Plates 21A, 23A, 25A, 27A). The changes in the cambial 
structure that occur with the growing size of the tree axis, as the tree gets old, has 
been followed in various age group trees. It has been found that the cambial initials, 
especially the fusiform ones undergo considerable size variation with the growing 
girth of the axis. 
Average length of fusiform initials has been noticed to vary from 158.78 -
259.71 Jim in C limon, 228.53 - 257.59 nm in C paradisi, 118.00 - 246.70 urn in C 
reticulata var. kinnow and 156.00 - 232.43 jim in C sinensis in different age group 
samples. On close observations it is seen that the average length rises with age from 
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158.78 - 232.46 nm which is followed by a decline to 220.31 nm and then again 
increase in the old stem to 259.71 jim in case of C limon. In C. paradisi there is gradual 
increase up to maximum from 228.53 - 257.59 nm and after slight decline to 238.56 
Hm is soon followed by constancy in the adult region. In C reticulata var. kinnow 
significant impact of age is seen on the vascular cambium as the fusiform initials 
increase in length from top to base i.e. from 118.00 - 246.70 nm with increase in girth 
of the axis. Whereas in C. sinensis, there is initial increase up to maximum from 156.00 
- 232.43 ^m with the advancing age of stem axis which is followed by a decline 
towards the basal region (Tables 2 -5 ) . 
In general, fusiform initials are foimd longer and broader in stouter axes than 
in the slender ones. The rate of increase happens to be high in young shoots and low 
in older ones. It appears, therefore, that the ability of newly formed initials to 
elongate in size depends on the age of the meristeni. The yoimger is the cambium, 
greater is the ability of the initials to elongate and conversely the older is the 
meristem the lesser is the ability of the initials to undergo expjmsion. 
A similar comparative analysis of the data obtained on the width of the 
fusiform initials has revealed that in C. paradisi they do not show any significant 
change with the increase in the circumference of the stem axes (Table 3). Whereas in 
C limon there is a slight initial increase from 18.83 - 22.84 \im and soon is followed by 
constancy (Table 2). In case of C. reticulata var. kinnow a gradual increasing tendency 
of fusiform initials width is noticed with age (Table 4). In C. sinensis fusiform initials 
width increases in the beginning from 13.26 - 17.34 nm and declines near basal 
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region to 15.98 nm (Table 5). Measurements of the tapering ends of the fusiform 
initials also show significant increase in size from 53.50 - 80.00 \im with the growing 
circumference of the axis in C. reticulata var. kinnow. But in C limon, C. paradisi and C 
sinensis tapering ends exhibit an increase from 81.75 - 96.50 jim, 75.75 - 81.75 jim and 
61.25 - 76.25 nm respectively which gets almost constant near the base of stem axes in 
both the species (Tables 2 - 5 ) . 
A similar analysis of the ray initials of the investigated species shows that they 
do not undergo much significant change in their individual dimensions (Tables 6 - 9 ) 
but they do undergo greater multiplication (Figs. IV.l m - t). However, a slight initial 
increase from 12.44/9.86 -15.98/13.80 jim is followed by constancy in anticlinal and 
periclinal diameters of C limon and slight increase from 8.97/7.82 - 11.96/10.13 nm 
with increasing diameter of axis in C reticulata var. kinnow, whereas a slight initial 
increase followed by decrease in the hasal region is seen in anticlinal diameter of C 
sinensis (Tables 6 - 9). As a consequence of the above changes in the make-up of 
cambium, the ray initials occupy a relatively greater area in the cambial cylinder in 
the old axis as compared to younger ones (Figs. IV.l u - x). 
With the growing girth of the axis, the cambial cylinder also expands by 
adding more cells. The fusiform initials undergo pseudotransverse divisions and give 
rise to sister initials (Plates IC, 2B, 3C, 6C, 8A). Similarly, the ray initials also divide 
and give rise to new ray initials (Plates 2D, 5C, 7D). All this happens in order to cope 
with the expansion of the axis. The new ray initials are also produced by the fusiform 
initials and this happens either by the transverse septation of the fusiform cells 
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(Plates 2C, 4A, 6D, 7C) or by the formation of new initials as terminal (Plates 2D, 4C, 
5C, 7D, 8C) or lateral segments (Plates IC, 4D, 6B, 8D). 
Occasionally, the rays are seen fusing with one another to form tall and wide 
bodies (Plates 2A, 2B, 3D, 4A, 5C, 5D, 6A, 7C). This is brought about by the 
conversion of the intervening fusiform initials into a group of ray initials, which 
forms the bridge between the two-already existing groups of ray initials. The newly 
produced rays having a limited height in the beginning grow into tall structures by 
the divisions of the existing initials. At times the fusiform initials are foimd to intrude 
into a panel of ray initials, resulting in the division of a broad or tall ray into a 
number of smaller entities (Plates 2C 4B, 6D, 8B). 
Vascular cambium, therefore, constantly undergoes changes in its 
composition, as an accommodative measure to meet the increasing circumference of 
the vascular cylinder. This usually resulted in a considerable change in the 
corresponding volume of the different initials. Thus, in the young shoots, the 
fusiform initials have been found to occupy 86% of the total area of the cambial 
cylinder in C limon, 93% in C parodist, 86% in C reticulata var. kinnow and 88% in C. 
sinensis, while the corresponding area of fusiform initials in the cambial cylinder gets 
reduced towards the mature stem. (Figs. FV.l u - x). 
IV.l |iii] The Vascular Cambium : Seasonal changes in the structure 
Depending on the season, the fusiform initials as well as the ray initials exhibit 
certain changes in their characteristics. Analysis of the data obtained during the years 
nil l \ ( ) h s i i \ ; i l i < i n s Miii i i \ . Mi;(i i I'll .I). I l u v i v \ . \ I . I . | \ (, 
2005, 2006 and 2007 has revealed that both the structure and the contents of the 
cambial initials vary from season to season. 
In C limon the averages of length and width of fusifoim initials varies from 
233.72 - 278.00 ^m and 17.47 - 21.28 \im respectively, while the average size of their 
tapering ends ranges from 76.75 - 90.75 (im. Comparatively shorter fusiform initials 
occur in May to August ti\en rest of the months (Table 10). The size of ray initials also 
shows minor variation in different seasons. The mean value of the anticlinal and 
periclinal diameters ranges from 12.64/11.22 -16.18/14.82 ^m during a calendar year 
(Table 14). In C paradisi the averages of length and width of fusiform iiutials ranges 
from 217.74 - 284.00 jim and 16.38 - 21.48 |am respectively and the end walls range 
from 72.75 - 91.50 nm. Comparatively shorter fusiform iiutials are found from June to 
November (Table 11). Similarly, anticlinal and periclinal diameters of ray initials 
range from 8.63/8.43 - 15.50/14.% nm in different seasons (Table 15). In C reticulata 
var. kinnow the averages of length and width of fusiform initials ranges from 211.64 -
256.03 nm and 16.25 - 18.97 i^m respectively. The size of their tapering ends varies 
from 72.25 - 82.25 jim. Comparatively shorter fusiform initials are found from June to 
October (Table 12). The mean value of anticlinal and periclinal diameters of ray 
initials varies from 10.47/9.24 -15.23/13.32 urn (Table 16). In C sinensis the averages 
of length and width of fusiform initials ranges from 205.36 - 270.50 nm and 15.98 -
19.51 nm respectively. The size of their tapering ends varies from 71.25 - 84.25 \in\. 
Comparatively shorter fusiform initials occur from May to September (Table 13). The 
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mean value of anticlinal and periclinal diameters of ray initials varies from 
11.76/10.67 - 15.16/12.44 i^m (Table 17). 
The frequency of ray types, when studied in fortnightly collections has 
revealed that the size as well as the formation of their development happens to be 
highly influenced by the seasonal conditions. The tall rays occur more frequently 
from August - November, while the medium sized in May and Jime and the short 
sized in June in C. limon (Fig. FV.l a). In C paradisi, the tall rays are more frequent 
from January - March while the medium sized are more frequent from April to July 
and the short sized from May to Jxily (Fig. FV.l b). In C reticulata var. kinnow, the tall 
rays are more frequent from January to April while the medium sized are almost 
constant all round the year and the short sized from May to September (Fig. FV.l c). 
In C sinensis the tall rays are more frequent from January to April while the short and 
medium sized are more frequent from May to September (Fig. FV.l d). 
The distribution of uniseriate to multiseriate rays is found to be influenced by 
the weather conditions. In C limon the multiseriate rays are dominant in number and 
constitute 45 - 65 % of the cambial zone in different months lowest being in Jime and 
highest in January. Following this, the uniseriate rays generally vary from 23 - 34 % 
and biseriate rays generally vary from 1 2 - 2 1 % of the total rays of the cambial zone 
(Fig. IV.l e). In C paradisi multiseriate and uniseriate rays occur more frequently than 
the biseriate ones. The imiseriate rays are more frequent i.e. 22 - 30 % while the 
biseriate ones from 16 - 28 %. The highest number of multiseriate rays noticed is 62% 
(February) and lowest is 42% O^ri^) (Fig- ^^-^ 0 -1" C. reticulata var. kinnow uniseriate 
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rays vary from 4 - 14 %, while the biseriate ones from 13 - 23 %. Multiseriate rays are 
very common in this species and occur frequently within the range of 63 - 83 % 
minimum being found in May and maximum in February (Fig. IV.l g). In C sinensis 
uniseriate rays vary from 22 - 30 %, biseriate from 16 - 28 % and multiseriate from 42 
- 62 % maximiun in the month of March and minimum in June (Fig. IV.l h). 
The amount of ray and fusiform initials shows some minor fluctuations in 
different months of a calendar year. In C limon the percentage area occupied by ray 
initials varies from 14 - 22 %, the maximum being in November, while the minimum 
occurring in May (Fig. IV.l i). In C. paradisi it is found to vary from 18 - 27 % with 
lowest being in May and highest in January (Fig. IV.l j). In C. reticulata var. kinnow 19 
- 28 % with minimum in June and maximum in December (Fig. FV.l k) and in C 
sinensis from 18 - 31 % with highest value occurring in January and lowest in July. 
Thus, C sinensis shows maximum fluctuation as compared to others (Fig. FV.l 1). 
I iiil-r\ ()l)>.ci-\;ui()ns Moin \ . Khan I'll.I). Musi'. \ .M. t . | \ ') 
Chapter-IV.2 The Secondary Xylem 
IV.2 [i] The Secondary Xylem : Structure 
In Citrus species, the wood is diffuse porous with pores exclusively solitary or 
in radial multiples of 2 - 6 or more, some of the pores retain a characteristic round 
shape in clusters. The axial parenchjnna present in terminal bands, varying from 1 - 6 
cells wide, is predominantly paratracheal but aliform to confluent (Plates 9A, 10A, 
l lA , 12A). 
The sclerench)rma system is represented by the fibre tracheids together with 
libriform fibres. The vessels in iall the investigated species are found to have simple 
perforation plates. The vessels have oblique end walls. The lateral walls of the vessels 
in all the investigated species possess overcrowded alternately arranged circular 
bordered pits with elliptical apertures, sometimes with distinct tori (Plates 9C, IOC, 
lie, i2q. 
In tangential longitudinal sections, the ray parenchyma cells form fusiform 
rays of varying height and width. The height is found to vary from 1 - 6 6 cells in C 
limon, 1 -70 cells in C paradisi, 1 -44 cells in C. reticulata var. kinnow and 1 -56 cells 
in C. sinensis and their width is noticed to vary from 1 - 4 cells (Plates 9B, lOB, IIB, 
12B). 
In radial longitudinal view, the rays appear as heterocellular composed of 
procumbent and upright cells (Plates 9D, lOD, IID, 12D). In heterocellular rays, the 
upright elements occupy the marginal layers on either side of the procumbent cells. 
I i i i ( - l \ <)l)sc-nations Moin \ . Kliiin I'h.l). I lu-siv V.M.I l \ id 
Occasionally among the procumbent elements, some upright cells are also found 
(Plates 9D, lOD, IID, 12D). 
Measurements of the vessel elements have revealed that their length varies 
from 100 - 238 ^m in C. limon, 75 - 313 um in C parodist, 100 - 300 ^m in C reticulata 
var. kinnow and 100 - 250 jim in C. sinensis. Similarly radial and tangential diameters 
of the vessels are found to vary from 12/12 - 38/38 jim in C limon and C sinensis, 
12/12 - 50/38 um in C paradisi and C reticulata var. kinnow (Table 18). A comparison 
of vessel length with their mother iiutials has revealed that they are shorter than their 
mother initials in all the investigated species (Table 18). 
The macerated fibre elements appear as elongated structures with tapering 
ends. They appear to imdergo apical elongation by means of apical intrusive growth 
to the extent of 2.39 times in C. limon, 2.79 times in C paradisi, 2.50 times in C. 
reticulata var. kinnow, 1.86 times in C. sinensis over the size of their mother initials 
namely the fusiform cambial initials (Table 19). The intrusively grown elements 
possess newly formed apical parts made up of comparatively thin celltdose walls, 
enclosing bigger lumen. Such apices exhibit various types of structural 
manifestations, such as serrations, forking, hooks, bending etc. They vary in length 
from 412 - 925 um in C limon, 275 - 1288 um in C. paradisi, 300 - 1175 ^m in C. 
reticulata var. kinnow and 300 - 925 ^m in C. sinensis with width varying from 1 3 - 2 8 
^m, 10 - 38 um, 10 - 34 um and 10 - 28 ^m respectively (Table 19). 
The analysis of transections of adult wood samples of different species has 
revealed that the pores constitute about 30%, the axial parenchyma 12%, ray 
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parenchyma 28% and sclerenchjmia 30% of the total transactional area of wood in C. 
limon. Similar estimation has shown the occurrence of about 29% pores, 11% axial 
parenchyma, 26% ray parenchyma and 34% sclerenchyma in C paradisi; 31% area of 
pores, 10% axial parenchyma, 26% ray parenchyma and 33% of sclerenchyma in C. 
reticulata var. kinnow; pores area 30%, the axial parenchyma 11%, ray parenchyma 
28% and sclerenchyma 31% in C sinensis (Figs. IV.2 a - d). 
The wood samples in tangential longitudinal view has revealed that the rays 
occupy about 18% of the total tangential area of wood in C limon, 23% in C. paradisi 
and C reticulata var. kinnow and 22% in C sinensis while the rest is occupied by axial 
elements (Figs. IV.2 e - h). 
IV.2 [ii] The Secondary Xylem : Developmental changes in the structure 
Analysis of secondary xylem in the axes of various age groups has revealed 
that the amount of wood increases with the increase in the age of the tree axis. With 
the increasing age of the vascular cambium, the structure of wood also appears to 
undergo considerable variation. The length averages of vessels, in general, show an 
initial increase from 83.03 nm to 178.56 nm and later constancy with the growing size 
of the tree axis in C. limon. When one follows the vessel length in C. paradisi from top 
towards the base at various height levels from the ground, the length average of 
vessels first record an increase from 172.25 fxm to 196.53 nm and then a slight 
decrease to 185.44 nm which is followed by constancy near the base level. The 
increase in average length with the growing age of the cambium follows a gradual 
gain from 84.75 \im to 167.72 urn in C reticulata var. kinnow. On the other hand 
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increase in the beginning from 121.25 nm to 169.25 nm is followed by a decline to the 
adult region in C sinensis (Tables 20-23). 
The radial and tangential diameters show a gradual increase with the 
increasing diameter of the axis imtil a maximum is reached and then constancy is 
attained (Tables 20 - 23). On the basis of the pore size, the vessels are classified into 
three viz, small (1 - 20 ^m), medium (21 - 30 nm) and large (31 nm - above). A 
siirvey of the above categories of vessels in the stent axes of different dian\eters of all 
the species indicates that in the current yeeir shoots, small and medium type of 
vessels are more frequent than in the older axis. 
In Gtrus species small pores are more frequent in current year's shoot than in 
the main trunks. In current year shoots of C limon, the small, medium and large type 
vessels are foxmd 46%, 37% and 17% respectively. With the increase in the 
circumference of the axis, there is a corresponding decrease in the percentage of small 
and medium type of vessels and a gradual increase in the large type vessels takes 
place. In main trunks the number of short, medium and large vessels is 6%, 12% and 
82% (Fig. IV.2 i). 
In C paradisi, percentage of small vessels varies from 5 - 45 % in the axes of 
different diameters, while the percentage of mediimi sized vessels show a sharp 
decline from 36 -11 % with increase in diameter of the axis. The current year shoots 
are found to be containing 45% small type, 36% medium type and 19% large type 
vessels whereas in adult stem 5%, 11% and 84% respectively (Fig. 1V.2 j). 
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In C. reticulata var. kinnow, the current year shoots are found to possess 45% 
small type, 37% medium tj^e and 18% large type vessels whereas in the main stem 
they are 4%, 12% and 84% respectively (Fig. IV.2 k). 
In the current year shoots of C sinensis, 48% vessels are small, 36% are 
mediimi and 16% are large type whereas they are found to be 7%, 12% and 81% 
respectively in the mature stem (Fig. IV.2 1). The maximuni frequency of large type 
vessels in current year shoots is noticed in C paradisi while their minimum in C. 
sinensis. 
The xylem fibres also exhibit some changes in their dimensions with the 
growing age of the tree axis. The average length of fibres has been found to vary 
from 495.38 - 618.50 jim in C limon, 663.84 - 716.75 ^m in C paradisi, 321.50 - 579.34 
Hm in C. reticulata var. kinnow and 323.75 - 453.31 fim in C sinensis and their width 
varies from 20.60 - 21.83 nm, 16.73 -18.63 untv 10.27 - 17.48 nm and 13.27 - 15.71 \im 
respectively (Tables 24-27). 
An analysis of transections regarding the percentage area occupied by the 
different components of xylem in the wood samples collected from the axes of 
varying diameter has revealed that they differ to a certain extent in different samples. 
The vessel area in found to vary from 25 - 28 % in C limon, 26 - 29 % in C. paradisi 
and C. reticulata var. kinnow and 27 - 30 % in C. sinensis, the minimum being in the 
younger shoots. Similarly, the amount of other components has been found to vary in 
different samples, the axial parenchyma is found varying from 10 - 23 % in C limon, 
12 - 24 % in C paradisi, 12 - 26 % in C reticulata var. kinnow and 11 - 22 % in C 
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-
sinensis; the ray parenchyma 2 3 - 3 1 %, 1 8 - 2 5 %, 18 - 27 % and 23 - 29 % and the 
sclerenchyma from 29 - 31 %, 32 - 34 %, 30 - 32 % and 28 - 30 % respectively (Figs. 
IV.2 m - p). In presently investigated species the amotmt of ray parenchyma, 
gradually increases with the increase in the diameter of the axis (Figs. IV.2 m - p). 
The wood rays, as their mother initials in the cambium, differ in height and 
width to a considerable extent. They vary in height from 1-66 cells in C limon, 1 -70 
cells in C paradisi, 1 -44 cells in C reticulata var. kinnow and 1 - 5 6 cells in C sinensis 
and in width from 1 - 4 cells. The rays are found invariably multiseriate and tall in 
the older trunks than in the young shoots (Fig. IV.2 q - x). As a consequence, the rays 
occupy greater area in the xylem of older trunks as compared to younger ones. 
In tangentieil longitudinal sections, the percentage area occupied by ray 
parenchyma varies from 12 - 19 % in C limon, 6 - 26 % in C paradisi, 15 - 27 % in C 
reticulata var. kinnow and 11 - 1 9 % in C sinensis (Figs, rv.2 y - ab). 
IV.2 [iii] The Secondary Xylem : Seasonal changes in the structure 
The irrunediate inner derivatives of cambium were analyzed every month in 
order to find out the variations in the size of vessel elements and xylem fibres 
produced in different seasons. 
As regards the length of the vessel elements, it has been found that the 
average length of vessels varies from 175.14 - 187.04 i^m in C. limon, 174.05 ^m -
194.45 nm in C. paradisi, 165.07 jim - 176.66 nm in C reticulata var. kinnow and 145.80 
i^m - 170.41 i^m in C. sinensis in different seasons. In the case of C limon, 
comparatively shorter elements occur more frequently from April - July while the 
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taller ones in rest of the months. Similarly, in C. paradisi and C. sinensis shorter 
elements occur more frequently from May, June and July while the taller ones in rest 
of the months of a calendar year. C reticulata var. kinnow has shorter elements from 
June - September while taller ones during rest of the year (Tables 28 - 31). 
Measurements of the radial and tangential diameter of vessels in C limon has 
revealed that the average size of the radial and tangential diameter ranges from 
26.50/21.50 - 32.28/27.28 jim in different months. In C paradisi, radial and tangential 
diameters are found to vary from 23.50/20.44 - 33.03/29.78 nm respectively; in C 
reticulata var. kinnow, radial and tangential diameters vary from 22.25/20.00 -
27.97/28.25 jim respectively while in C. sinensis radial and tangential diameter of the 
vessels varies from 21.28/20.25 - 29.25/28.25 nm (Tables 28 - 31). 
The macerated fibre elements were measured to determine their dimensional 
variations in different months of a calendar year. Their average length has been 
found to vary from 542.41 - 718.07 \im with the short ones occurring in April - June in 
C limon. In C paradisi average length of the fibres ranges from 622.24 - 766.43 nm in a 
calendar year. Comparatively shorter fibres are noticed from May - July. In C 
reticulata var. kinnow average length of the fibres varies from 512.31 - 676.78 ^im and 
the shorter elements are noticed from June - August. In C sinensis average length of 
the fibres varies from 391.94 - 512.75 nm and the shorter elements are noticed from 
May - July (Tables 32 - 35). The fibre elements do show a direct relationship with the 
cambial activity as short ones being found during active phase of cambium in the 
investigated species. Observations on the width of the fibres have shown that their 
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average size varies from 17.14 - 20.20 urn in C. limon, 17.54 - 19.24 ^m in C paradisi, 
15.50 - 19.04 urn in C reticulata var. kinnaw and 15.72 -19.15 ^m in C. sinensis (Tables 
32 - 35). 
The wood rays, as their mother initials in the cambium, differ in height and 
width to a coi«iderable extent. Microscopic examination of the immediate xylem 
derivatives in fortnightly collections has shown that the short, medium and tall rays 
vary from 8 - 14 %, 25 - 29 % and 57 - 67 % in C limon, 4 - 11 %, 32 - 37 % and 53 -
63 % in C. paradisi, 4 - 1 0 %, 33 - 37 % and 54 - 63 % in C. reticulata var. kinnow and 13 
- 19 %, 25 - 40 % and 42 - 62 % in C sinensis in different months of a calendar year 
(Figs. IV.2 ac - af). 
A similar analysis of the data on ray width has revealed that in C. limon, the 
relative frequency of uniseriate vary from 8 - 19 %, biseriate 22 - 31 % and multi-
seriate rays is 50 - 70 %. In C paradisi, uniseriate rays vary from 10 - 17 %, biseriate 
23 - 34 % and multiseriate from 49 - 67 %. In C reticulata var. kinnow, tmiseriate 11 -
17 %, biseriate 20 - 33 %, multiseriate 50 - 67 % and in C sinensis 21 - 29 %, 18 - 30 % 
and 41 - 61 % respectively (Figs. IV.2 ag - aj). The estimation of area occupied by rav 
parenchyma cells in tangential plane has shown that it varies from 14 - 22 % in C 
limon, 17 - 28 % in C paradisi, 18 - 29 % in C reticulata var. kinnow and 16 - 30 % in C 
sinensis during a calendar year (Figs. rV.2 e - h). 
Analysis of transections of the monthly collections of the adult wood of the 
selected species has shown that the area occupied by the different components of the 
xylem show nunor fluctuations. The pore area is found varying from 28 - 31 %, axial 
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parenchyma 10 - 16 %, wood sclerenchyma 29 - 31 % and ray parenchyma 25 - 30 % 
in C limon. Vessels occupy from 27 - 34 %, axial parench5nTia 9 - 13 %, sclerenchyma 
32 - 36 % and ray parenchyma 22 - 28 % of the total transactional area in C parodist. 
Vessels occupy 28 - 35 %, axial parenchyma 8 -13 %, sclerenchyma 29 - 35 % and ray 
parenchyma from 22 - 30 % of the total transactional area in C reticulata var. kinnow. 
In C sinensis, the vessels occupy 28 - 33 % axial parenchyma 9 - 15 %, sclerenchyma 
29 - 32 % and ray parenchyma from 26-29 %. Only wood sclerenchyma shows a 
significant change in its amount under different setisons as the area occupied by the 
wood sclerenchyma comes down in the active period of xylem production (Figs. rV.2 
a -d ) . 
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Chapter IV.3 The Secondary Phloem 
IV.3 [i] The Secondary Phloem : Structure 
The term bark is used in the present study to include all tissues lying outside 
the vascular cambium of the shoot axis in an either primary or secondary state of 
growth. In the shoot axis, the bark, therefore, constitutes the different phloem 
components, the pericycle, the endodermis, the cortex and the epidermis, while in the 
older region the secondary phloem and the periderm form the bark. Externally, the 
bark of the older regions of the plant axis of C limon is yellowish-green in colour; 
greenish-brown in C paradisi; in C reticulata var. kinnow it is greenish-brown and in C 
sinensis the bark is yellowish-green. Internally, it consists of three distinct structural 
zones viz., the conducting phloem, non conducting phloem and periderm in all the 
species investigated. 
The conducting phloem is foimd having sieve elements accompanied with 
companion cells, the axial parenchyma, sclerenchyma and the ray parenchyma in all 
the investigated species (Plates 14A, 16A, 18A, 20A). The sclerenchyma, which is 
predominantly made up of fibres in all species gives a characteristic look to the bark 
of different spedes. The sclerenchyma occurs in small fascicles but in tangential 
bands, interrupted by ray parenchyma cells (Plates 14B, 16B, 18B, 208). The periderm 
which forms the third and the outermost zone is represented by thin strip at the 
periphery of the bark (Plates 14D, 16D, 18D, 20D). Accumulation of the outer dead 
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curst on the surface of the stem forming very thin but distinct rhytidome has been 
noticed in all the species investigated. 
The major part of the adult bark is non-conducting in nature and is made up 
of mainly the axial parench5mia, ray parenchyma, sclerenchyma and occasionally a 
few deformed sieve elements in all the species presently investigated (Plates 22D, 
24D, 26D, 28D). A few non-conducting sieve elements remain intact for more than 
one season and later undergo obliteration (Plates 22D, 24C, 26D, 28D). The 
companion cells show disintegration of their protoplast with the accumulation of 
definitive callose on the walls of sieve-tube members in all the species presently 
investigated (Plates 14C, 16Q18Q 20C). 
The conducting phloem situated adjacent to cambium has been analyzed in 
order to find out the dimensional variations of sieve-tube members and phloem 
fibres. The sieve-tube members are found to vary in length from 37 - 325 nm in C 
limon, 37 - 313 jxm in C paradisi, 50 - 288 ^m in C reticulata var. kinnow and C sinensis 
with an average of 133.45 \in\, lAO.T? \im, 128.52 ^m, 120.71 nm respectively (Table 
36). 
The radial and tangential diameters of sieve-tube members has been found to 
vary from 6/10 - 24/31 i^m in C limon and 6/10 - 21/31 \im in C. paradisi, C. reticulata 
var. kinnow and C sinensis, with an average of 12.10/15.90,11.91/15.71,11.48/15.28, 
and 11.48/15.28 respectively (Table 36). The lumen size of sieve-tube members is 
found more or less equal in all the investigated species. The sieve-tube members are 
arranged in a linear order to form long tubular path ways for food translocation in all 
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investigated species (Plates 13A, 15A, 17A, 19A). The end walls of the sieve-tube 
members are conspicuously oblique and posses compound sieve plates (Plates 13B, 
15B,C, 17B,C, 19B). Lateral walls of these elements are also found to have numerous 
sieve areas through which lateral commimication is maintained with the contiguous 
elements. (Plates 13C, 15D, 17D, 19C). Each sieve-tube member is found to have one 
closely associated companion cell in the different investigated species (Plates 13D, 
15D, 17D, 19D). 
The phloem rays of the conducting phloem in tangential sections have been 
analyzed and foumd that they vary in height from 1 - 6 6 cells in C limon, 1 - 7 0 cells 
in C paradisi, 1 - 4 4 cells in C reticulata var. kinnow and 1 - 5 6 cells in C sinensis and 
vary from 1 - 4 cells in width in the spedes investigated. An analysis of the relative 
frequency of short, medivun and taU rays has revealed that 20% short rays occur in C 
limon and C paradisi, 19% in C reticulata var. kinnow and 16% in C sinensis and the 
medium ones constitute about 16%, 19%, 20% and 36% respectively; while the tall 
rays happened to be 64%, 61%, 61%, and 48% in the respective species (Figs, rv.3 a -
d). Similarly, the frequency of uni-, bi-, and multi-seriate rays has been analyzed and 
found that in C limon about 29% rays are imiseriate, 14% in C. paradisi and C 
reticulata var. kinnow and 19% and C sinensis. The biseriate rays constitute 10% in C 
limon, 17% in C paradisi, 18% in C reticulata var. kinnow and 23% in C. sinensis; while 
the multiseriate rays constitute 61%, 69%, 68%, 58% respectively (Figs. IV.3 e - h). 
Thus, the tall and broad rays have been found more frequent in Citrus species. 
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A similar analysis of the non<onducting phloem has revealed that the short 
rays constitute about 19% in C limon, 16% in C paradisi, 17% in C. reticulata var. 
kinnow and 15% in C. sinensis of the total coimt in a unit area. The medium rays 
constitute 17% in C limon, 20% in C paradisi and C reticulata var. kinnow and about 
34% in C sinensis while the tall rays are noticed about 64% in C /imon and C paradisi, 
63% in C reticulata var. kinnow and 51% in C. sinensis (Figs, rv.3 i - 1). Similarly the 
relative abundance of uni-, bi-, and multi-seriate rays has been analyzed per unit area 
and it is noticed that uniseriate rays constitute about 32% of the total count in C 
limon, 12% in C paradisi, 13% in C reticulata var. kinnow and 25% in C sinensis. The 
biseriate rays constitute about 11% in C. limon, 14% in C paradisi, 14% in C. reticulata 
var. kinnow, 24% in C sinensis, while multiseriate rays form 57%, 74%, 73% and 51% 
respectively in the investigated spedes (Figs. IV.3 m - p). The height of the rays has 
been found to vary from 1-66 cells in C. limon, 1-70 cells in C. paradisi, 1-44 cells in 
C reticulata var. kinnow and 1 - 5 6 cells in C. sinensis while their width has been 
noticed to vary from 1 -4 cells in all the species investigated. 
In radial longitudinal sections, the rays appear as heterocellular, composed of 
proctmnbent and upright cells in all the spedes. The heterocellular rays are having 
upright cells on their margins and occasionally the upright cells also occur among the 
procumbent cells (Plates 9D, lOD, IID, 12D). 
Microscopic examination of tangential sections passing through the bark, as 
well as the macerated fibres, samples show that in all the species studied the bast 
fibres are of the libriform type. Their morphology and histochemical reactions to 
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Safranin indicate that they have undergone apical elongation in the secondary phase 
of their differentiation after the first phase of maturation. The intrusively grown 
special parts are generally found to possess comparatively thin cellulose walls 
enclosing comparatively bigger lumen. Such apices are found having various types of 
structural manifestations, such as serrations, forking, hooks, bending etc. 
The phloem fibres of the conducting as well as non-conducting phloem has 
been analyzed and found to vary in length from 187 - 1525 nm in C limon, 200 - 1425 
Hm in C. paradisi, 212 - 1500 \im in C reticulata var. kinnow, 212 - 1350 ^m in C 
sinensis, and in width from 6 - 4 5 nm, 6 - 4 1 jim, 6 - 4 5 fim and 6 - 3 8 jim respectively 
(Table 36). A comparison of fibre length average with that of fusiform initials has 
shown that the former has grown 2.49 times in C limon, 2.48 times in C. paradisi and 
C reticulata var. kinnow and 2.39 times in C sinensis over the length of their respective 
cambial initials in the species investigated (Table 37). 
An analysis of the conducting phloem of the different investigated species in 
transectional view has revealed that the sieve elements occupy about 19% in C limon 
and C. paradisi, 20% in C reticulata var. kinnow and C. sinensis. The axial parenchyma 
constitute 32% in C. limon and C. reticulata var. kinnow and 31% in C. paradisi and C. 
sinensis; the ray parenchyma 38% in C. limon and C sinensis, 36% in C. paradisi and C 
reticulata var. kinnow; sclerenchyma 11% in C limon and C. sinensis, 14% in C. paradisi 
and 12% in C. reticulata var. kinnow of the total area (Figs. IV.3 q - t). In tangential 
plane the rays has been found to occupy about 13% area in C. limon, 23% in C. paradisi 
and C. reticulata var, kinnow and 22% in C sinensis (Figs. IV.3 u - x). 
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IV.3 [ii] The Secondary Phloem : Developmental changes in structure 
The structural changes of the phloem have been studied in the axes of 
different girth from the same tree at different height levels. The different components 
of the phloem including the sieve-tube members are found varying with the 
advancing age of the axes. The length of sieve-tube members shows an iiutial 
increase with the increase in the stem circumference. The average length of sieve-tube 
members found in the current year shoots measure 136.81 jim in C limon, 118.51 tun 
in C paradisi, 88.65 jxm in C reticulata var. kinnow and 82.32 nm in C sinensis while 
their length in adult trunks mezisiu-e up to 136.30 jim, 122.07 urn, 127.82 nm and 
111.70 \im respectively (Tables 38 - 41). This initial increase up to maximum from 
136.81 -144.41 nm in the size of sieve-tube members is soon followed by a decline to 
133.20 ^m and again increase to 136.30 nm in ttie basal region in C limon whereas in 
C paradisi the initial increase up to maximum from 118.51 - 132.54 nm is followed by 
a decline to 128.17 nm and then constancy in the older regions. However, C. reticulata 
var. kinnow shows a gradual increase from 88.65 - 127.82 jim with the increasing 
diameter of axis. In case of C sinensis the initial increase up to maximum from 82.32 -
120.11 \im is followed by a decline towards the adult stem. A similar study on the 
lumen size of sieve-tube members has revealed that the radial and tangential 
diameters in the shoots show a slight increase with the increasing diameter of the 
axis in all the species presently investigated. This increase in lumen size is a gradual 
process and soon it becomes constant. The average radial and tangential diameters 
are measured 10.82/11.62 nm in C limon, 9.14/12.94 jim in C. paradisi, 9.56/12.36 in 
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C reticulata var. kinnow and 9.21/12.01 in C sinensis in current year shoots. The 
tangential diameter has been found always higher than the radial one irrespective of 
the girth of the axis. In all the investigated species, the narrow sieve-tube members 
are found in current year shoots (Tables 38 - 41). 
The average length of the phloem fibres have been fotmd to vary from 580.18 -
681.96 nm in C limon, 582.40 - 608.12 ^im in C paradisi, 453.68 - 653.12 nm in C 
reticulata var. kinnow and 421.15 - 543.59 ^m in C sinensis and their average width 
vary from 20.57 - 22.49 ^m, 17.33 - 18.63 nm, 13.77 - 19.35 nm and 13.16 - 16.38 \im 
respectively (Tables 42 - 45). The fibre lengths in C limon show an initial increase 
from 580.18 - 681.96 jim in the beginning after which there is a declining tendency 
towards base. Whereas in C. paradisi longest fibres are found at the growing tips i.e. 
605.15 - 608.12 \im and after experiencing a decline to 582.40 nm it gets constant. C 
reticulata var. kinnow exhibit an increase up to maximum from 453.68 - 653.12 nm and 
then decline in the old stem to 587.71 ^m. However, in C sinensis the increase up to 
maximum from 421.15 - 543.59 ^m in the beginning with age which is followed by a 
decline to 521.62 i^m and then it remains almost constant in the older regions (Tables 
42 - 45). 
The phloem rays, like their mother initials in the cambium, differ in height and 
width with the age of the axis in the secondary phloem. They are found to vary in 
height from 1-66 cells in C. limon, 1 -70 cells in C paradisi, 1 -44 cells in C reticulata 
var. kinnow and 1 - 5 6 cells in C sinensis and in width from 1 - 4 cells. The rays are 
found invariably taller and broader in the older trunks than in the younger shoots 
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and as a consequence the rays occupy greater area in older trunks than in the 
younger ones (Figs. rV.3 y - an). 
An analysis of the trai\sections of the phloem samples collected from the axes 
of varying diameter has revealed that they differ in their components to some extent 
in the different samples. The sieve-tube area is noticed to vary from 1 5 - 1 8 % in C. 
limon, 16 - 1 9 % in C paradisi and C. reticulata var. kinnow and 17 - 20 % in C sinensis; 
the axial parenchyma from 30 - 43 %, 32 - 44 %, 32 - 46 % and 3 1 - 4 2 %; ray 
parenchyma from 33 - 41 %, 28 - 35 %, 28 - 37 % and 33 - 39 % while sclerenchyma 
from 9 - 1 1 %, 12 - 14 %, 10 - 12 % and 8 - 10 % respectively in the investigated 
species (Figs. IV.3 ao - ar). 
The amount of phloem considerably increases with the increase in the 
diameter of the axis. The amotmt of axial parenchyma is found decreasing with the 
increase in the age of the axis in all the species investigated. On the other hand, the 
area occupied by the ray parenchyma goes on increasing with the increase in the 
diameter of the shoot axis and soon a consistency comes into being and no significant 
chcuige in the amount of parenchyma takes place. The amount of sclerenchyma 
shows a consistency at various stages. 
In tangential longitudinal sections, the percentage area occupied by ray 
parenchyma varies from 13 - 19 % in C. limon, 9 - 24 % in C. paradisi, 12 - 26 % in C 
reticulata var. kinnow and 10 - 20 % in C sinensis (Figs. IV.3 as - av). 
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IV.3 [iii] The Secondary Phloem : Seasonal changes in structure 
The various components of the conducting phloem has been analyzed in the 
monthly collections in order to find out the dimensional variations of the sieve-tube 
elements, sclerenchyma, axial and ray parenchyma produced in different seasons. 
The mean length of sieve-tube members has been found to vary from 119.19 - 142.91 
fim in C limon, 121.93 - 159.04 ^m in C. paradisi, 112.16 - 140.70 ^m in C reticulata 
var. kinnow and 100.62 - 131.33 nm in C sinensis; the average radial and tangential 
diameters from 11.29/15.09 - 13.26/17.06 jim, 10.86/14.66 - 13.17/16.97 jim, 
10.65/14.45 - 12.11/15.91 \im and 10.59/14.39 - 12.32/16.12 nm respectively in the 
different months of a calendar year (Tables 46 - 49). 
It is evident from Table 4 6 - 4 9 that the shorter elements occur during April to 
Jvme and September in C limon, January and November to December in C. paradisi, 
October to December in C. reticulata var. kinnow and May to August and October in C 
sinensis then the rest of the months. No significant change is noticed in the lumen size 
of the sieve elements in different seasons. 
A similar observation on phloem fibres in conducting and non-conducting 
phloem has revealed that the fibre elements undergo minor changes in different 
seasons. They are fotmd to vary in length from 631.75 - 661.71 jim in C limon, 598.68 
- 652.34 nm in C. paradisi, 568.00 - 615.50 \im in C reticulata var. kinnow and 576.25 -
605.31 nm in C sinensis; width measurements varying in average from 18.61 - 19.89 
Jim, 17.91 - 19.39 nm, 16.88 - 18.70 nm and 17.05 - 18.33 \im respectively (Tables 50 -
53). It is evident from the data obtained in this regard (Tables 50 - 53) that slightly 
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shorter fibres occur in April - June in C limon, from January - February and 
November - December in C paradisi, October - December in C reticulata var. kinnow, 
April - July in C sinensis. 
The phloem rays have been found to vary in both conducting as well as non-
conducting phloem in height and width in all the four investigated species. 
Microscopic examination of the immediate phloic derivatives in fortnightly 
collections has shown that the short rays vary from 15 - 22 % in C. limon, 14 - 24 % in 
C paradisi, 14 - 23 % in C reticulata var. kinnow and 11 - 21 % in C. sinensis; the 
medium from 14 -19 %, 17 - 22 %, 18 - 22 % and 28 - 41 %and tall ones from 6 0 - 7 0 
%, 55 - 68 %, 55 - 68% and 38 - 61 % respectively (Figs. IV.3 a - d & i - 1). Similarly 
the imiseriate rays are foimd to vary from 23 - 37 % in C. limon, 6 - 1 8 % in C paradisi, 
7 - 17 % in C reticulata var. kinnow and 15 - 29 % in C sinensis; the biseriate from 6 -
16 %, 8 - 23 %, 8 - 23 % and 17 - 31 % and multiseriate ones from 47 - 71%, 61 - 86 %, 
60 - 85% and 40 - 68 % respectively (Figs. IV.3 e - h & m - p). The ray population 
does not show any significant fluctuation with the seasonal change. Almost a similar 
trend of variation has been noticed in the non-conducting phloem of the investigated 
species (Figs. IV.3 u - x). 
Estimation of the different components of conducting phloem, in round the 
year collection, has shown that the sieve-tube area varies from 18 - 22 % in C limon, 
17 - 24 % in C paradisi, 18 - 25 % in C reticulata var. kinnow and 18 - 23 % in C. 
sinensis; the axial parenchyma from 30 -34 %, 27 - 33 %, 28 - 33 % and 29 - 35 %; ray 
parenchyma from 35 - 41 %, 32 - 39 %, 32 - 39 % and 35 - 39 % while sclerenchyma 
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from 9 - 11 %, 12 - 16 %, 10 - 15 % and 9 - 12 % respectively (Figs. IV.3 q - t). The 
transectional area occupied by different components shows minor variations and 
appears to be not much influenced during different seasons and appears species 
specific character. 
Estimation of the area of rays in conducting phloem in tangential plane, in 
round the yeai collections, has shown that it varies from 9 - 19 % in C. limon, 16 - 29 
% in C paradisi, 17 - 30 % in C reticulata var. kinnow and C sinensis. A similar 
estimation of rays in the non-conducting phloem has shown that the surface area 
occupied by ray cells varies more or less in the same manner as they did in the 
conducting phloem (Figs. IV.3 u - x). 
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Chapter IV.4 Periodicity of the Vascular Cambium 
The vasoilar cambium in all the investigated species undergoes definite 
periods of rest and activity during a calendar year. During the dormant stage, the 
cambial zone is represented by a narrow zone of tangenticdly flattened cells 
constituting of 3 - 7 layers in C limon, 7 - 9 layers in C. paradisi, 4 - 6 layers in C 
reticulata var. kinnow, 5-7 layers in C sinensis (Plates 21A, 23A, 25A, 27A). The radial 
walls of cambial cells during dormant stage are found comparatively thicker than 
what they are during the active phase. In tangential view the radial walls are found 
prominently beaded during the resting period (Plates IB, 3B, 5B, 7B) due to the 
alternatively thickened areas and the deeply depressed primary pit fields, through 
which they communicate by plasmodesmata coimections with the contiguous 
elements. The fusiform cambial cells during their active phase possess relatively thin 
and almost smooth radial walls due to the absence of thickened areas, alternating 
with the primary pit fields (Plates ID, 4A, 6A, 7C). The beaded nature of radial walls, 
if at all present during the active period, is not £is prominent as in the dormant 
period. The cambial zone as a whole during the active phase takes light stain due to 
the absence of coloured contents and loss of chromaticity of protoplasm (Plates ID, 
4A, 6A, 7C). 
The vascular cambium in all the species appears to undergo activation once in 
a year, after undergoing a definite period of rest. The first sign of activity appears in 
April in C limon and C. paradisi, in May in C reticulata var. kinnow and C. sinensis. The 
cells in the cambial zone undergo radial expansion in the third week of March in C 
limon (Plate 21B) and last week of March in C. paradisi (Plate 23B), in the third week of 
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April in C reticulata var. kinnow (Plate 25B) and in second week of April in C sinensis 
(Plate 27B). As a result of this enlargement, the cambial zone swells up from 32 \im to 
40 nm in C. /imo«, 51 nm to 79 ^m in C. paradisi, 17 nm to 64 nm in C reticulata var. 
kinnow and 34 jim to 40 i^m in C sinensis. 
In C Wmon the cells start dividing in the first week of April which causes an 
increase in the layers of cells up to 9 layers. In C paradisi cambial cell division begins 
from the second week of April, increasing the niunber of cambial layers up to 12. 
Similarly, in C. reticulata var. kinnow and in C sinensis the cells start dividing in the 
first week of May, causing an increase in the layers of cambium up to 10 in both the 
species. The newly produced derivatives differentiate first into xylary elements in all 
the species investigated as a result of which new xylem is being added in C. limon 
(Plate 21Q and C paradisi (Plate 23Q in the month of April, in C. reticulata var. 
kinnow (Plate 25C) and C sinensis in May (Plate 27C). 
The phloem production, out of the newly produced cambial derivatives, is 
observed in two flushes first in May, Jime and then again in September in C limon 
(Plate 21D). In C paradisi new phloem is added in last week of October followed by 
another addition of new phloem in November and December (Plate 23D). In C 
reticulata var. kinnow new phloen\ is added in October and November (Plate 25D). In 
C. sinensis first flush of new phloem is added in June and July. The second flush of 
phloem differentiates in October (Plate 27D). 
In C limon the cambium turns dormant during early October, in C sinensis 
early November and in C reticulata var. kinnow in early December, while in C paradisi 
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dormancy is attained in last week of December. Thus the cambium remains active for 
about 6 months in C. limon and C sinensis, 9 months in C. paradisi and 7 months in C. 
reticulata var. kinnow. 
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Chapter IV.5 Production of Xylem and Phloem 
The cells start dividing in April in C. limon and C paradisi. Similarly, in C 
reticulata var. kinncrw and C sinensis the cells start dividing in May. The newly 
produced derivatives differentiate first into xylary elements in all the species 
investigated. The average of total amoimt of xylem produced during 2005, 2006 and 
2007 is measured about 475 (im in C limon in the months of April to September (Plate 
22A), 960 nm in C paradisi from April to October (Plate 24A), 425 nm in C. reticulata 
var. kinnaiv from May to September (Plate 26A) and 370 jim in C sinensis from May to 
September (Plate 28A) (Figs. IV.5 a - d). 
The phloem production, out of the newly produced cambial derivatives, is 
observed in two flushes first in May and Jtme about 110 nm and then about 130 nm 
again in September in C limon (Plate 22B) (Fig IV.5 a). In C. paradisi about 5 nm new 
phloem is added in last week of October followed by another addition of new 
phloem i.e., about 140 nm and 100 i^m in November and December respectively (Fig. 
rv.5 b). In C. reticulata var. kinnow about 110 jim new phloem is added in October and 
about 120 \im in November (Plate 26B) (Fig. rV.5 c). In C. sinensis first flush of new 
phloem add about 75 jxm in June and 25 jim in July. The second flush of phloem 
differentiates in October i.e., about 100 urn (Plate 28B) (Figs. IV.5 d). 
The average of total phloem production during 2005, 2006 and 2007 is noticed 
about 240 fxm in C limon, 245 i^m in C. paradisi, 230 nm in C. reticulata var. kinnow and 
200 i^m in C sinensis. The quantum of phloem produced during the years of 
investigation i.e., 2005, 2006 and 2007 is found more or less equal in all the 
investigated species (Figs. IV.5 a - d). 
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Chapter IV.6 Longevity of the Phloem 
As mentioned earlier, the vascular cambium of C limon, C. paradisi, C. 
reticulata var. kinnow and C. sinensis becomes active in April and May respectively. In 
C paradisi new phloem production occurs once in a calendar year i.e., about 245 nm 
from October to December and about 230 nm new phloem is added in October £md 
November in C. reticulata var. kinnow (Figs. IV.5 b, c). In C. limon new phloem 
production occurs twice in a year i.e., about 110 nm in May and June and about 133 
Hm in September. In C sinensis about 100 ^m new phloem is added in June and July 
and again about 100 jim in October (Figs. IV.5 a, d). 
In C limon, the total production of current year phloem is about 240 jxm which 
is produced in two flushes. In the first one about 110 jim new phloem is added in 
May and June which remains functional till September expressing the longevity 
period upto 4 months. The second flush of new phloem i.e. about 130 nm is added in 
September which remains active till May when the new phloem is added. Thus the 
longevity of the new phloem of second flush is about 8 months (Fig. rV.5 a). In rest of 
the months the height of functional phloem varies from 2 0 - 2 5 ^m while the rest 
goes non-functional. The accumulation of definitive callose in the sieve plates as well 
as on the lateral walls of sieve elements renders them to go non-functional (Plate 
22C). 
In C. paradisi a major part of the current year phloem produced from October 
to December turns inactive during the extreme winter as it happens in C. limon (Plate 
24B) and only a strip situated adjacent to the cambium amounting up to 25 - 35 ^m in 
depth remains active till October and in June and July some of the layers of inactive 
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phloem elements are reactivated due to reabsorbtion of callose increasing the area of 
functional phloem to about 50 nm (Fig. 1V.5 b). Thus, the longevity of current year 
phloem extends to the maximum of 10 months in C paradisi because whatever is 
added in October a fraction of that gets non-functional in November and that of 
November in December. 
In C reticulata var. kinnow about 230 ^im new phloem is added in October and 
November which remains functional for about 11 months and for the rest of the 
months most of the functional phloem turns non-functional due to accumulation of 
callose on sieve-plates etnd lateral sieve-areas (Plate 26C). Thus 20 - 25 fim of phloem 
remains functional out of the total new phloem produced. But just like C paradisi, 
some of the layers of inactive phloem elements are reactivated in April due to 
reabsorption of callose increasing the area of functional phloem to about 50 nm (Fig. 
IV.5 c). 
In C. sinensis the current year phloem is produced in two flushes as it happens 
in case of C limon. First flush of new phloem add about 100 ^m in June and July and 
second one add about 100 ^m in October. But leaving aside a narrow strip of about 
20 - 25 nm the rest of the current year phloem goes inactive due to the accumulation 
of definitive callose (Plate 28C). However, the small amount of phloem situated 
adjacent to the cambium remains active till June when the new phloem is produced. 
Thus, the longevity of phloem of second flush extends upto 8 months and of the first 
flush about 4 months in this species (Fig 1V.5 d). 
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Plate - 1 
A :- C. limon T.L.S. through dormant cambium showing arrangement 
of various components of cambium (Scale bar = 160 M,m) 
B :- C. limon T.L.S. through donnant cambium showing beaded radial 
walls (Scale bar = 50 i^m) 
:- C. limon T.L.S. through active cambium showing 
pseudotransverse wall (arrows) in dividing fusiform initial; 
laterally cut (arrow) ray cell and transverse septation of fusiform 
initial (arrow) (Scale bar = 45 |im) 
D :- C. limon T.L.S. through active cambium showing transverse 
septation of fusiform initial (arrow) (Scale bar = 40 nm) 
Unit- IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
D 
Plate - 1 
Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate-2 
A :- C. limon T.L.S. through active cambium showing lateral fusion of 
rays (arrow) and terminal fusion of rays (arrow) (Scale bar = 45 
lim) 
B :- C. limon T.L.S. through active cambium showing lateral fusion of 
rays (arrow) and pseudotransverse wall in dividing fusiform 
initial (arrow) (Scale bar = 50 \im) 
C :- C limon T.L.S. through active cambium showing transverse 
septation of fusiform initials (arrow) and splitting of ray (arrow) 
(Scale bar = 45 ^im) 
D :- C limon T.L.S. through active cambium showing 2 celled newly 
formed ray (arrow) and terminally cut ray cell (arrow) (Scale bar 
= 45 fim) 
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Plate - 2 
Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate-3 
:- C. paradisi T.L.S. through dormant cambium showing 
arrangement of various components of cambium (Scale bar = 170 
|im) 
B :- C paradisi T.L.S. through dormant cambium showing beaded 
radial walls (Scale bar = 45 ^m) 
:- C paradisi T.L.S. through active cambium showing 
pseudotransverse wall (arrow) in dividing fusiform initial (Scale 
bar = 45 |j.m) 
D :- C paradisi T.L.S. through active cambium showing terminal fusion 
of rays (arrow) (Scale bar = 35 )im) 
Unit- IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
B 
Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate - 4 
A :- C paradisi T.L.S. through active cambium showing transverse 
septation of fusiform initial (arrow) and lateral fusion of rays (two 
headed arrow) (Scale bar = 40 ^im) 
B :- C paradisi T.L.S. through active cambium showing splitting of ray 
(arrow) (Scale bar = 35 jim) 
C :- C paradisi T.L.S. through active cambium showing terminally cut 
ray cell (arrow) (Scale bar = 40 )im) 
D :- C. paradisi T.L.S. through active cambium showing laterally cut 
ray cell (arrow) (Scale bar = 40 )xm) 
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Plate - 5 
C reticulata var. kinnow T.L.S. through dormant cambium 
showing arrangement of various components of cambium (Scale 
bar = 175^m) 
B :- C reticulata var. kinnow T.L.S. through dormant cambium showing 
beaded radial walls (Scale bar = 40 )xm) 
C :- C. reticulata var. kinnow T.L.S. through active cambium showing 
lateral fusion of rays (arrow) and terminally cut ray cell (arrow) 
(Scale bar = 35 jxm) 
D :- C. reticulata var. kinnow T.L.S. through active cambium showing 
terminal and lateral fusion of many rays (arrow) (Scale bar = 30 
i^m) 
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Plate-6 
A :- C. reticulata var. kinnow T.L.S. through active cambium showing 
terminal and lateral fusion of many rays (arrow) (Scale bar = 50 
Hm) 
B :- C. reticulata var. kinnow T.L.S. through active cambium showing 
laterally cut ray cell (arrow) (Scale bar = 25 ^im) 
C :- C. reticulata var. kinnow T.L.S. through active cambium showing 
pseudotransverse wall in dividing fusiform initial (arrow) (Scale 
bar = 35 ^im) 
D :- C. reticulata var. kinnow T.L.S. through active cambium showing 
transverse septation of fusiform initial (arrow) and splitting of ray 
(arrow) (Scale bar = 30 ^m) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate - 7 
A :- C sinensis T.L.S. through dormant cambium showing 
arrangement of various components of cambium (Scale bar = 180 
i^m) 
B :- C. sinensis T.L.S. through dormant cambium showing beaded 
radial walls (Scale bar = 35 ^m) 
C :- C sinensis T.L.S. through active cambium showing terminal and 
lateral fusion of rays (arrows) and transverse septation of 
fusiform initial (arrow) (Scale bar = 45 ^im) 
D :- C. sinensis T.L.S. through active cambium showing 2 celled newly 
formed ray (arrow); terminally cut ray cell (arrow) and lateral 
fusion of rays (arrow) (Scale bar = 35 i^m) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate - 8 
A :- C. sinensis T.L.S. through active cambium showing 
pseudotransverse wall in dividing fusiform initial (arrows) (Scale 
bar = 40 jim) 
B :- C. sinensis T.L.S. through active cambium showing sphtting of ray 
(arrow) (Scale bar = 40 iim) 
C :- C sinensis T.L.S. through active cambium showing terminally cut 
ray cell (arrow) and laterally cut ray cell (arrow) (Scale bar = 45 
i^m) 
D :- C. sinensis T.L.S. through active cambium showing laterally cut 
ray cell (arrow) (Scale bar = 40 )im) 
Unit- IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate -9 
• 1 
A :- C. limon T.S. showing arrangement of vessels and other xylem 
components (Scale bar = 50 jim) 
B :- C. limon T.L.S. showing arrangement of vessels, axial parenchyma, 
xylem rays and xylem fibres (Scale bar = 50 |xm) 
C :- C limon T.L.S. showing overcrowded bordered pits on lateral 
walls of vessel elements (Scale bar = 9 |im) 
D :- C. limon R.L.S. showing heterocelliilar rays (Scale bar = 35 ^m) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate -10 
A :- C. paradisi T.S. showing arrangement of vessels and other xylem 
components (Scale bar = 50 ^m) 
B :- C. paradisi T.L.S. showing arrangement of vessels, axial 
parenchyma, xylem rays and xylem fibres (Scale bar = 50 ^ lm) 
C :- C paradisi T.L.S. showing overcrowded bordered pits on lateral 
walls of vessel elements (Scale bar = 9 fim) 
D :- C. paradisi R.L.S. showing heterocellular rays (Scale bar = 45 jim) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate -11 
A :- C. reticulata var. kinnow T.S. showing arrangement of vessels and 
other xylem components (Scale bar = 50 nm) 
B :- C. reticulata var. kinnow T.L.S. showing arrangement of vessels, 
axial parenchyma, xylem rays and xylem fibres (Scale bar = 50 
^m) 
C :- C. reticulata var. kinnow T.L.S. showing overcrowded bordered pits 
on lateral walls of vessel elements (Scale bar = 20 p,m) 
D :- C. reticulata var. kinnow R.L.S. showing heterocellular rays (Scale 
bar = 45 ^im) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate-12 
A :- C. sinensis T.S. showing arrangement of vessels and other xylem 
components (Scale bar = 50 ^m) 
B :- C. sinensis T.L.S. showing arrangement of vessels, axial 
parenchyma, xylem rays and xylem fibres (Scale bar = 50 |xm) 
C :- C. sinensis T.L.S. showing overcrowded bordered pits on lateral 
walls of vessel elements (Scale bar = 12 nm) 
D :- C sinensis R.L.S. showing heterocellular rays (Scale bar = 35 )im) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate -13 
A :- C. limon T.L.S. showing arrangement of sieve-tube members and 
other phloem components (Scale bar = 90 ^m) 
B :- C. limon T.L.S. showing compound sieve-plates (arrows) (Scale bar 
= 30 nm) 
C :- C limon T.L.S. showing lateral sieve areas (arrows) and compound 
sieve plate (arrow) (Scale bar = 35 ^im) 
D :- C. limon T.L.S. showing sieve-tube with companion cell (arrow) 
(Scale bar = 35 |im) 
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Plate -14 
A :- C. limon T.S. showing xylem, cambium and phloem (Scale bar = 50 
^im) 
B :- C limon T.S. showing dilation of rays from conducting to non-
conducting, fascicles of sclerenchyma (Scale bar = 50 ^im) 
C :- C limon T.S. showing intact sieve elements with callose deposition 
(Scale bar = 40 |im) 
D :- C. limon T.S. showing periderm and deformed sieve elements 
(Scale bar = 40 p.m) 
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Plate -15 
A :- C. paradisi T.L.S. showing arrangement of sieve-tube members and 
other phloem components (Scale bar = 90 |im) 
B :- C. paradisi T.L.S. showing compound sieve-plates (arrow) (Scale 
bar = 30 |im) 
C :- C paradisi T.L.S. showing compound sieve-plates (Scale bar = 12 
^im) 
D :- C paradisi T.L.S. showing sieve-tube with companion cell and 
lateral sieve areas (two headed arrow) (Scale bar = 25 )im) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate -16 
A :- C. paradisi T.S. showing xylem, cambium and phloem (Scale bar 
50 ^m) 
B :- C paradisi T.S. showing dilation of rays from conducting to non-
conducting, fascicles of sclerenchyma (Scale bar = 50 ^im) 
C :- C. paradisi T.S. through phloem showing intact sieve elements 
with callose (Scale bar = 40 ^m) 
D :- C. paradisi T.L.S. through phloem showing periderm and 
deformed sieve elements (Scale bar = 40 M,m) 
Unit- IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
B 
D 
Plate -16 
Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate-17 
A :- C. reticulata var. kinnow T.L.S. showing arrangement of sieve-tube 
members and other phloem components (Scale bar = 90 ^im) 
B :- C. reticulata var. kinnow T.L.S. showing compomid sieve-plates 
(arrow) (Scale bar = 30 nm) 
C :- C. reticulata var. kinnow T.L.S. showing compound sieve-plates 
(Scale bar = 10 ^m) 
D :- C. reticulata var. kinnow T.L.S. showing sieve-tube with companion 
cell and lateral sieve areas (arrow) (Scale bar = 35 |im) 
Unit- IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
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Plate -18 
A :- C. reticulata var. kinnow T.S. showing xylem, cambium and phloem 
(Scale bar = 50 ^m) 
B :- C reticulata var. kinnow T.S. showing dilation of rays from 
conducting to non-conducting, fascicles of sclerenchyma (Scale 
bar = 50 ^m) 
C :- C reticulata var. kinnow T.S. showing intact sieve elements with 
callose (Scale bar = 40 \xTn) 
D :- C. reticulata var. kinnow T.L.S. showing periderm and deformed 
sieve elements (Scale bar = 40 ^im) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate -19 
A :- C. sinensis T.L.S. showing arrangement of sieve-tube members and 
other phloem components (Scale bar = 90 [im) 
B :- C. sinensis T.L.S. showing compound sieve-plates (arrow) (Scale 
bar = 30 \im) 
C :- C. sinensis T.L.S. showing lateral sieve areas (arrow) (Scale bar 
30 M,m) 
D :- C sinensis T.L.S. showing sieve-tube with companion cell (arrow) 
(Scale bar = 30 jim) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate - 20 
A :- C sinensis T.S. showing xylem, cambium and phloem (Scale bar 
50 ^im) 
B :- C sinensis T.S. showing dilation of rays from conducting to non-
conducting, fascicles of sclerenchyma (Scale bar = 50 |xm) 
C :- C sinensis T.S. showing intact sieve elements with callose (Scale 
bar = 40 ^m) 
D :- C. sinensis T.L.S. showing periderm and deformed sieve elements 
(Scale bar = 40 |xm) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate - 21 
A :- C limon T.S. showing dormant cambial zone (CZ) (Scale bar = 10 
urn) 
B :- C. limon T.S. showing swelling of cambial zone (CZ) (Scale bar = 12 
nm) 
C :- C limon T.S. showing broad cambial zone with actively dividing 
cambial cells beginning to produce new xylem (NX) (Scale bar = 
12 ^m) 
D :- C. limon T.S. showing broad cambial zone with actively dividing 
cambial cells beginning to produce new phloem (NP) (Scale bar = 
I 
I 
15 )im) 
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Plate - 22 
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I 
A :- C limon T.S. showing newly produced xylem (NX) (Scale bar = 80 
urn) 
B :- C limon T.S. showing newly produced phloem (NP) (Scale bar = 
80 ^m) 
C :- C. limon T.L.S. showing sieve-hibe with companion cell (arrow) 
and region of conducting phloem (CP) and non-conducting 
phloem (NCP) (Scale bar = 25 ^m) 
D :- C limon T.L.S. showing deformed sieve elements (arrow) intact 
1 
• 
sieve-tubes with callose pads (arrow) (Scale bar = 30 )im) 
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UniHV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate - 23 
A :- C. paradisi T.S. showing dormant cambial zone (CZ) (Scale bar 
10 urn) 
B :- C. paradisi T.S. showing swelling of cambial zone (CZ) (Scale bar = 
12 ^im) 
C :- C paradisi T.S. showing broad cambial zone with actively dividing 
cambial cells beginning to produce new xylem (NX) (Scale bar = 
12 }im) j 
D :- C paradisi T.S. showing broad cambial zone with actively dividing 
I 
cambial cells beginning to produce new phloem (NP) (Scale bar = 
I 
I 
15 jim) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate - 24 
A :- C. paradisi T.S. showing newly produced xylem (NX) (Scale bar = 
80 ^im) 
B :- C. paradisi T.L.S. through phloem showing region of conducting 
phloem (CP) and non-conducting phloem (NCP) (Scale bar = 30 
^im) 
C :- C paradisi T.L.S. showing sieve-tube with companion cell (arrow) 
I 
and intact sieve-tubes with callose pads (arrows) (Scale bar = 30 
^im) 
D :- C. paradisi T.L.S. showing deformed sieve elements (arrow) intact 
sieve-tubes with callose pads (arrow) (Scale bar = 30 |xm) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate - 25 
A :- C. reticulata var. kinnoiu T.S. showing dormant cambial zone (CZ) 
(Scale bar = 12 ^m) 
B :- C. reticulata var. kinnoiu T.S. showing swelling of cambial zone 
(CZ) (Scale bar = 12 urn) 
C :- C reticulata var. kinnow T.S. showing broad cambial zone with 
t 
actively dividing cambial cells beginning to produce new xylem 
(NX) (Scale bar = 10 ^im) 
D :- C. reticulata var. kinnow T.S. showing broad cambial zone with 
I 
actively dividing cambial cells beginning to produce new phloem 
(NP) (Scale bar = 10 i^m) 
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Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate - 26 
A :- C. reticulata var. kinnow T.S. showing newly produced xylem (NX) 
(Scale bar = 80 \im) 
B :- C. reticulata var. kinnow T.S. showing newly produced phloem 
(NP) (Scale bar = 80 i^m) 
C :- C. reticulata var. kinnow T.L.S. showing sieve-tube with companion 
cell (arrow) and region of conducting phloem (CP) and non-
conducting phloem (NCP) (Scale bar = 30 ^im) 
D :- C reticulata var. kinnow T.L.S. showing deformed sieve elements 
I 
(arrow) intact sieve-tubes with callose pads (arrow) (Scale bar = 
30 ^m) 
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Plate - 26 
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Plate - 27 
A :- C. sinensis T.S. showing dormant cambial zone (CZ) (Scale bar = 
10 i^m) I 
B :- C. sinensis T.S. showing swelling of cambial zone (CZ) (Scale bar = 
10 ^ im) 
C :- C sinensis T.S. showing broad cambial zone with actively dividing 
cambial cells beginning to produce new xylem (NX) (Scale bar = 
12 urn) 
D :- C. sinensis T.S. showing broad cambial zone with actively dividing 
i 
cambial cells beginning to produce new phloem (NP) (Scale bar = 
10 nm) 
Unit- IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
B 
D 
Plate - 27 
Unit-IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
Plate - 28 
I 
I 
A :- C sinensis T.S. showing newly produced xylem (NX) (Scale bar = 
80 urn) I 
B :- C. sinensis T.S. showing newly produced phloem (NP) (Scale bar = 
40 i^m) 
C :- C. sinensis T.L.S. showing sieve-tube with companion cell (arrow) 
and region of conducting phloem (CP) and non-conducting 
phloem (NCP) (Scale bar = 25 ^m) 
D :- C sinensis T.L.S. showing deformed sieve elements (arrow) intact 
sieve-tubes with callose pads (arrow) (Scale bar = 30 ^m) 
Unit- IV Observations Moin A. Khan Ph.D. Thesis A.M.U. 
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Chapter-V.l The Vascular Cambium 
The term cambium was coined by Nehemia Grew (1682) who presented the 
classification of plant tissues. In the year 1863, Carl Sanio recognized vascular 
cambium, its origin and function as a lateral meristem. Its cellular inake-up and 
nature has been elaborated by the German anatomists of the past. Hartig (1853) 
envisaged the cambial cylinder to be biseriate, the outer layer of the initials giving 
rise to phloem and the inner one to xylem. This concept of double initials was soon 
replaced by the concept of uniseriate cambial initials (Sanio 1873; Mischke 1890; 
Schoute 1902). De-Bary (1884) considered the cambium to consist of a single initial 
layer sandwitched between the layers of tissue mother cells of the wood on innerside 
and of the bark on outerside, the iiutials being responsible for the production of the 
mother cells. This view was advocated mainly by Bailey (1923) and Barman (1955, 
1962, 1968) has been adopted by most subsequent workers (Esau 1948; Evert 1963a; 
Evert & Deshpande 1970; Kozlowski 1971; Ghouse & Yunus 1973; Butterfield 1975; 
Yvmus et al. 1978; Imagawa & Ishida 1981; Khan et al, 1983; Fujita et al. 1984; Iqbal & 
Ghouse 1985a; Ajmal et al. 1986; Wloch & Bilczewska 1987; Venugopal & 
Krishnamurthy 1989; Iqbal & Ghouse 1990; Catesson 1994; Larson 1994; Rao et al. 
1996a; Rajput 1997; Chaffey 1999; Lachaund et al. 1999; Rajput & Rao 1998; Kojs 2000; 
Kitin et al. 2000; Jura et al. 2006; Khan et al. 2007; Khan & Siddiqui 2007a). However, 
despite the difficulty in distinguishing the actual initials in actively dividing cambial 
zone, many workers (Philipson & Ward 1965; Wilson et al. 1966; Mahmood 1968; 
Schmid 1976; Fahn 1982) restrict the use of term cambium to initials only which form 
a layer between the actively dividing phloem and xylem cells. In the present study, 
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the term cambium/ cambial zone applies to entire region of tissue generation that 
includes the xylem and phloem mother cells in addition to initiating layer. 
Vascular cambium as a rule is made up of exclusively mononucleate elongated 
fusiform initials and roughly isodiametric ray initials (Kitin et al. 2002a). On the basis 
of the arrangement of these initials, two basic types of cambial structures have been 
recognized. In one of them the fusiform initials occur in horizontal tiers with the ends 
of cells appearing approximately at the same level in adjacent tiers whereas in other 
type the end walls of the adjacent initials overlap to a considerable extent. The former 
is called as storied cambium (stratified), while the other non-storied (non-stratified) 
(Bailey 1923). On the basis of observations on a number of vascular plants, belonging 
to different taxa, Bailey (1923) recorded that storied structure of cambium is 
phylogenetically advanced (Eames & Mac Daniels 1947; Metcalfe & Chalk 1950; 
Barghoom 1964; Esau 1965,1977; Fahn 1974,1982; Ghouse & Yunus 1974a; Siddiqui 
1983; kojs 2000; Khan 2001; Mahmood 2001; Jura et al. 2006). hi the presently 
investigated species, arrzmgement of cambial initials depicts a clear non-storied 
structure in all species investigated. The non-storied structure of cambium has been 
reported earlier by several workers Khan (1977), Iqbal (1979), Khan (1980), Khan 
(1984), Ajmal (1985), Kafeel (1986), Khan (2001), Mahmood (2001), Jura et al (2006), 
Khan & Siddiqui (2007a). 
After measuring cambial initials of a wide variety of tropical as well as 
temperate trees Bailey (1920) concluded that the fusiform initial are generally shorter 
in stratified category. Bailey (1920) further noticed that the fusiform initials vary in 
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length from 460-4400 nm showing non-stratified cambium. The observations 
regarding this aspect indicate that in the presently investigated species, the length of 
fusiform initials ranges from 137 - 363 [im in Citrus limon, 100 - 463 \im in C. paradisi, 
137 - 413 ^^m in C reticulata var. kinnow and 137 - 375 iim in C. sinensis, which is 
contrary to the findings of Bailey (1920). But the present findings are in agreement 
with the results of some earlier workers like Ghouse & Iqbal (1975) in some arid zone 
species of Acacia and Prosopis, Ghouse et al, (1980) in some Verbenaceae, Khan (1980) 
in some Myrtaceae, Bartwal et al. (1983) in some Indian fruit trees, Cumbie (1983) in 
Bvocconia vulcanica, Khan et al. (1988) in Citrus species, Kojs (2000) in selected woody 
species. Khan (2001) in Jacaranda mimosaefolia, Pterospermum acerifolium and Terminalia 
arjuna who have found fusiform initial length to fall shorter than Bailey's (1920) 
reported limit for non-storied cambium. 
Among the species investigated in this study C. reticulata var. kinnow has been 
found to possess comparatively short fusiform initials while C. limon having the 
longest with the other two species falling in between these. If the size of fusiform 
initials is taken as a criterion for phylogenetic advancement then obviously C 
reticulata var. kinnow appears to be the most evolved form among the presently 
investigated sjjecies. The structural changes that the cambium undergoes during 
different phases have been elaborated by several earlier workers (Eames & Mac 
Daniels 1947; Evert 1963a; Esau 1965; Srivastava & O'Brein 1966; Mahmood 1968; 
Robards & Kidwai 1969; Murmanis 1970, 1971; Yunus 1976; Khan 1977; Iqbal 1979; 
Khan 1980; Dave & Rao 1982a; Siddiqui 1983; Ajmal 1985; Ajmal et al. 1986; Kafeel 
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1986; Rao & Dave 1986; Iqbal 1994; Venugopal & Krishnamurthy 1989, 1994; Khan 
2001; Mahmood 2001). 
The radial walls of fusiform initials have been reported to be usually thicker 
than tangential walls. Especially during dormancy, the primary pit fields appear 
deeply depressed in tangential longitudinal view giving a beaded look to the radial 
walls as reported earlier by Riding & Little 1986; Iqbal 1990; Catesson 1994; Larson 
1994; Rao et al. 19%b; Rajput 1997; Chaffey 1999; Lachaund et ah 1999; Rajput & Rao 
1998; Kitin et al. 2000; Khan et al 2007; Khan & Siddiqui 2007a. Similar situation has 
been noticed in present study too in all the species investigated. 
The cambial initials have been reported to undergo anticlinal and periclinal 
divisions f)eriodically (Bailey 1923; Eames & Mac Daniels 1947; Barman 1956; Fahn 
1974; Ghouse & Yunus 1973; Rao & Dave 1986; Han & Woong 1991; Esau 2002). 
Anticlinal division also known as multiplicative division increase the cambial 
population while the periclinal or additive division increase the number of cambial 
derivatives emanating new phloem and xylem elements (Bannan 1%7, 1970). Bailey 
(1923) recognized two fundamental types of anticlinal divisions in vascular cambium 
of the different species investigated by him. In one type, the anticlinal division occurs 
in a radial longitudinal plane whereas in the other pseudotransverse wall formation 
takes place running askew intersecting the two radial walls at two different levels 
(Philipson & Ward 1965; Philipson et al. 1971; Khan 1977; Iqbal 1979; Khan 1980; 
Khan & Siddiqui 1980, 1983; Khan et al 1980, 1982; Siddiqui 1983; Zagorska-Marek 
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1984; Ajmal 1985; Kafeel 1986; Han & Woong 1991; Venugopal & Krishnamurthy 
1994; Khan 2001; Mahmood 2001 and Khan et al. 2007). 
In the present study the anticlinal divisions in the cambial initials has been 
noted to be pseudotransverse, as is found in forms having non-storied cambium 
(Bailey 1923; Fahn 1974; Iqbal 1994; Farrar & Evert 1997; Khan 2001; Mahmood 2001; 
Esau 2002; Khan & Siddiqui 2007a). The pseudotransverse wall formation observed 
in this study varies in length from short to long in all the species investigated. 
Sometimes the dividing wall almost extending from one end of the cell to the other, 
as it has been reported earlier by Khan (1977) in Psidium guajava, Iqbal (1979) in some 
arid zone species. Khan (1980) is some Myrtaceae, Siddiqui (1983) in some Moraceae, 
Mahmood (2001) in Alstonia scholaris, Emblica officinalis, Putranjiva roxburghii. Khan & 
Siddiqui (2007a) in Alstonia species. 
The ray initials has been worked out in detail by Barghoom (1940a, b, 1941a, 
b), Braun (1955), Bannan (1950, 1951, 1953, 1956), Evert (1959, 1961), Cumbie (1963, 
1%7, l%9a, b), Cheadle & Esau (1964), Ghouse & Yunus (1973), Ghouse & Iqbal 
(1977a), Khan (1977), Khan (1980), Khan et al. (1983), Siddiqui (1983), Ajmal (1985), 
Kafeel (1986), Iqbal & Ghouse (1987), Ajmal & Iqbal (1992). The ray initials may arise 
primarily as a single cell which is cut at the ends of fusiform initials as terminal 
segment (Bannan 1951, 1956; Braun 1955; Khan 1977; Khan 1980; Siddiqui 1983; 
Ajmal 1985; Kafeel 1986; Rajput 1997; kojs 2000; Khan 2001; Mahmood 2001; Khan & 
Siddiqui 2007b) or as lateral segments (Evert 1959, 1%1, 1963a; Ghouse & Yunus 
1973; Ghouse & Iqbal 1977a; Khan 1977; Khan 1980; Siddiqui 1983; Rajput 1997; kojs 
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2000; Khan 2001; Mahmood 2001; Khan & Siddiqui 2007b) or they may arise by 
transverse segmentation of fusiform initials (Whalley 1950; Bannan 1951; Ghouse and 
Yunus 1973; Khan 1977; Khan 1980; Siddiqui 1983; Rajput 1997; kojs 2000; Khan 2001; 
Khan & Siddiqui 2007b). In the presently investigated species, the first and last types 
of ray development are found to be more frequent than the lateral segments. Once 
the ray initials get established, they continue to undergo multiplication resulting in 
expansion of rays in height and width (Barghoom 1941b; Braun 1955; Evert 1%1; 
l%3a; Ghouse & Yunus 1973; Ghouse & Iqbal 1977a; Khan 1977; Khan 1980; Khan et 
al. 1983; Siddiqui 1983; Ajmal 1985; Kafeel 1986; Khan 2001; Mahmood 2001; Khan & 
Siddiqui 2007b). The rays also increase in height and width by fusion of two or more 
vertically and radially aligned rays. These fusions result due to the transverse 
I 
segmentation of the intervening fusiform initials or by multiplication of akeady 
existing ray initials of the adjacent panel of rays (Barghoom 1941b; Braun 1955; 
Philipson et al. 1971; Ghouse & Yunus 1973; Ghouse & Iqbal 1977a; Khan 1980; 
Bartwal et al. 1983; Khan et al. 1983; Rao 1988; Rajput 1997; Kojs 2000; Khan 2001; 
Mahmood 2001; Khan & Siddiqui 2007b). Apart from the above fact, some long and 
broad rays get splitted up into smaller units by intrusion of adjacent fusiform initials 
in all the species investigated as has already been reported by Barghoom 1940a,b; 
Esau 1965,1977; Evert 1961; Cheadle & Esau 1964; Ghouse & Iqbal 1977a; Khan 1977; 
Bartwal et al. 1983; Khan et al. 1983; Siddiqui 1983; Rao 1988; Iqbal 1994; Wloch & 
Polap 1994; Rajput 1997; Kojs 2000; Khan 2001; Mahmood 2001; Jura et al. 2006; Khan 
& Siddiqui 2007b. 
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The ray initials form an integral part of the cambial cylinder in all the species 
investigated. The relative proportion of ray initials to that of fusiform initials has 
been found to vary from species to species. A maximum of 23% has been observed in 
C. paradisi and C. reticulata var. kinnow and minimum 18% in C. limon while in C 
sinensis the ray initials constitute about 22% of tangential area of cambial cylinder in 
adult trees (Khan & Siddiqui 2007c, 2007d, 2007e, 2007f; Khan et al. 2005). In a sinular 
study. Khan (1977) in Psidium guajava has found ray initials to occupy 30-37% and in 
several other tropical species worked out by group of Indian workers, the ray initials 
have been shown to vary from 20-40% depending on genetic constitution as well as 
age and size of the tree (Ghouse & Yunus 1973,1974a, b, 1976a; Ghouse & Iqbal 1975, 
1977a; Ghouse et al. 1975a, b, 1976a, 1980; Khan et al. 1979a; Khan 1980; Khan et al. 
1981; Bartwal et al. 1983; Khan et al. 1983; Siddiqui 1983; Ajmal 1985; Iqbal & Ghouse 
1985b; Kafeel 1986; Khan 2001). However, on this aspect of cambial anatomy, the 
earlier findings do not agree with the present one since they show that fusiform 
initials constitute more than 90% of cambial cylinder (Bailey 1923; Wilson 1963,1964; 
Kozlowski 1971; Butterfield 1972; Margaris & Popadogianni 1977) while in others 
their proportion may go as high as 75% in certain extreme cases like Dillenia indica, a 
Ranalian species (Ghouse &Yunus 1974b). 
It is evident that the fusiform cambial initial experience considerable length 
variation as the tree grows in thickness in all the species investigated in present 
research, the average lengths of fusiform initials in C.reticulata var. kinnow shows an 
increasing trends from top to base downwards which coincides with the report of 
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Cumbie (1969a); Khan (1980); Khan (2001); Mahmood, (2001). A consistent increase 
from the tree apex to basewards but after having attained a maximum it tends to 
decline further towards the base is seen in C sinensis which goes in agreement with 
result of Ghouse & Iqbal 1977a; Khan et al 1983; Ajmal 1985; Mahmood 2001. The 
average lengths in C paradisi exhibits increasing tendency with the advancing age 
and soon gets stabiUzed near the base which coincides with the report of Bailey 1923, 
Bosshard 1951; Hejnowicz & Hejnowicz 1958; Evert 1%1, 1963a; Bannan 1962; 
Ghouse & Yunus 1973. An increase up to maximum followed by a decline and then 
again increase in the adult stem is noticed in C. limon which coincides with the 
findings of Cumbie 1967; Ajmal et al. 1986. 
In this study the observations on ray initial reveal that the initial increase in 
anticlinal and periclinal diameters is followed by constancy in C limon as has already 
been reported by Khan (2001) in Terminalia arjuna. A continuous increasing trend of 
ray initial diameter with advancing age is found in C reticulata var. kinnow which 
coincides with the findings of Khan (2001) in Jacaranda mimosaefolia. No significcmt 
impact of age was found in the beginning in C sinensis but near the basal region 
diameter of ray initials exhibit a clear declining trend as it has been reported earlier 
by Khan (2001) in Pterospermum acerifolium. The ray initial do not show any 
appreciable change in their dimension in relation to age of the axis in C. paradisi as 
has been reported by earlier researchers like Khan 1980; Siddiqui 1983; Ajmal 1985. 
However, they undergo multiplication to become multiseriate in older axis (Bailey 
1923; Braun 1955; Ghouse & Yunus 1973; Ghouse & Iqbal 1977a, Khan 1977, Iqbal 
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1979; Khan 1980; Khan et al 1981, Khan et al. 1983; Siddiqui 1983; Ajmal 1985; Ajmal 
I 
et al. 1986; Kafeel 1986; Iqbal & Ghouse 1987; Ajmal & Iqbal 1992; Mahmood 2001). 
As a consequence of various developmental changes in cambial zone, relative 
proportion of fusiform and ray initials also varies with age of stem axis. The ray 
initials occupy 14 - 17 % in C limon, 7 - 25 % in C paradisi, 14 - 23 % in C reticulata 
var. kinnow and 12 - 18 % in C. sinensis of the total tangential area of the cannbial 
cylinder. An increase in the proportion of ray initial from the apex down to the base 
of the tree has been reported in many Indian species such as Dalbergia sissoo (Ghouse 
& Yunus 1973), Psidium guajava (Khan 1977), Acacia nilotica (Iqbal 1979), Callistemon 
citrinus, Eucalyptus maculata and Eugenia jambolana (Khan 1980), Bauhinia parviflora 
(Khan et al. 1981) Citrus sinensis (Khan et al. 1983), Ficus infectoria and Ficus religiosa 
(Siddiqui 1983), Ficus rumphi and Sterbulus asper (Ajmal 1985), Jacaranda mimosaefolia, 
Pterospermutn acerifolium and Terminalia arjuna (Khan 2001) Alstonia scholaris, Emblica 
officinalis and Putranjiva roxburghii (Mahmood 2001). 
As far as impact of seasonal changes on the dimensions of fusiform initials is 
concerned it has been noted that length, width and tapering ends averages of 
fusiform initials as well as magnitude of ray initials vary to some extent depending 
on the time of development of new cambial initials and the period of their growth. 
Short fusiform initials with narrow width and comparatively tapering ends coincided 
with the activity of the cambium in all the species investigated. Also the size of ray 
initials show smaller diameter during the height of cambial activity as has earlier 
been reported by Venugopal & Krishnamurthy 1989; Siddiqui 1991; Catesson 1994; 
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Rao et al. 1996b; Rajput 1997; Kitin et al. 1999; Espinosa et al. 2006; Gricar et al. 2006; 
Begum et al. 2007. Similarly, frequency of uniseriate and short cambial rays has been 
found higher in active period than in the inactive phase of the cambium in the species 
investigated presently. Earlier workers have also reported such changes both in size 
and magnitude of different types of cambial initials in tropical trees (Yunus 1976; 
Khan 1977, Iqbal 1979; Khan 1980; Dave & Rao 1982a; Siddiqui 1983; Ajmal 1985; 
Kafeel 1986; Creber & Chaloner 1990; Fahn & Werker 1990; Blanche et al. 1992; Rao et 
al. 1996b; Rajput 1997; Borchert 1999). The ray initials multiply considerably to 
become multiseriate in older axis in all the investigated species as has been reported 
by earlier workers (Ghouse & Yunus 1973; Ghouse & Iqbal 1977a; Khan 1977; Iqbal 
1979; Khan 1980; Siddiqui 1983; Rajput 1997; Khan 2001; Mahmood 2001). 
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Chapter-V.2 The Secondary Xylem 
Secondary xylem is a complex tissue comprising of various types of elements 
viz., tracheids, vessel elements, fibres, parenchyma cells. The occurrence and 
arrangement of these elements vary in different groups of plants. The differences in 
the number of cells as well as in the size of elements that exists between the species of 
a single genus make it possible to identify the plant by its secondary xylem alone. 
I 
Dicotyledonous wood comprises of elements that vary in size, shape, type and 
arrangement (Li et al. 1995; Noshiro & Bass 1998; Klaassen 1999; Jansen et al. 2000; 
Carlquist 2001; Kitin et al. 2004 and Lens et al. 2003, 2005). hi the secondary xylem of 
Quercus e.g., vessel elements, tracheids, fibre tracheids, libriform fibres, gelatinous 
fibres, wood parenchyma and rays of different sizes are found. However, there are 
some dicotyledonous trees in which the wood is comprised of a smaller number of 
element types. For instance, in many species of Juglandaceae, apart from vessel 
elements and parenchyma cells, only fibre-tracheids are found in the wood (Fahn 
1974). 
The arrangement of vessel elements in the secondary xylem of dicotyledons is 
a characteristics feature and is frequently used in identification of species. When the 
vessel elements are more or less equal in diameter and uniformly distributed 
throughout the wood, the wood is termed as diffuse porous wood. Some examples of 
species with such wood are Acer species, Populus alba. Acacia cyanophylla, Olea europea 
and Eucalyptus species (Fahn 1974), Dalbergia species (Yunus 1976), Acacia nilotica and 
Prosopis spicigera (Iqbal 1979), Ficus infectoria and f. religiosa (Siddiqui 1983); Ficus 
rumphii and Sterbulus asper (Ajmal 1985), Bauhinia purpurea and B. variegata (Kafeel 
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1986). Several Myxtaceae members are found to have diffuse porous wood such as 
some species of Eucalyptus (Dadswell 1972), Psidium guajava (Khan 1977), Caltistemon 
citrinus, Eucalyptus maculata and Eugenia jambolana (Khan 1980); twelve species of 
Eucalyptus (Khan et al. 1980); Salix species (Cooper & Cass 2001); jacaranda 
mimosaefolia, Pterospermum acerifolium, Terminalia arjuna (Khan 2001); Alstonia scholaris, 
Emblica officinalis, Putranjiva roxburghii (Mahmood 2001). In the presently investigated 
species also the wood is found to be diffuse porous. The vessel elements are either 
exclusively solitary or in radial multiples of 2 - 4 or more. More or less similar 
finding are reported earUer by (Yunus 1976; Khan 1977; Khan 1980; Fahn 1982; 
Siddiqui 1983; Ajmal 1985; Kafeel 1986; Cooper & Cass 2001; Khan 2001 and 
Mahmood 2001). 
In various dicotyledons, the amovmt of axial parenchyma shows wide 
variations. In some species, there is very little axial parenchyma or it niay be totally 
absent while in others, it constitutes a sufficiently large portion of the wood. Apart 
from the variations in the amount of axial parenchyma, their mode of distribution 
also varies in secondary xylem in different species. The mode of distribution of axial 
parenchyma is used as an important taxonomic character for the identification of 
different species (Fahn, 1982). The axial parenchyma constitutes 12% in C. limon, 11% 
in C paradisi and C sinensis, 10% in C reticulata var. kinnow. 
Sufficient work has been done on variations in size of xylem fibres of various 
dicotyledons (Bissel & Dadswell 1949; Morey et al. 1950; Scaramuzzi 1955; Bailey 
1957; Hejnowicz & Hejnowicz 1958; Dinwoodie 1961; Carlquist 1962; Fahn & Leshem 
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1963; Kedamath et al. 1963; Parameswaran 1964; Burley 1969; Dadswell 1972; 
Sundersivarao et al. 1973; Purkayastha et al. 1974; Khan 1977; Sundersivarao & 
Nazma 1977; Khan et al. 1979b, c; Khan 1980; Iqbal & Ghouse 1983; Siddiqui 1983; 
Khan 1984; Ajmal 1985; Kafeel 1986; Ajmal & Iqbal 1992; Castro & Ademir 1992; Lim 
& Woong 1997; Jorge et al. 2000; Khan 2001; Mahmood 2001). In the presently 
investigated species C reticulata var. kinnow is found to have short xylem fibres while 
C limon has the longest and C. paradisi and C sinensis falling in between these two. 
Observations on xylem fibres have shown that they experience apical intrusive 
growth to the extent of 2.39 times in C. limon, 2.79 times in C paradisi, 2.50 times in C 
reticulata var. kinnow, 1.86 times in C. sinensis over the size of their mother initials. 
Khan (1980) has recorded apical intrusive growth to the extent of 1.4 - 1.6 times over 
the size of their mother initials in some Myrtaceae members. Siddiqui (1983) has 
reported apical intrusive growth to extent of 3.54 - 4.40 times over the size of their 
mother initials in some Moraceae. Khan (1984) has reported that xylem fibres 
undergo apical intrusive growth 5.50 - 6.33 times over the size of their mother initials 
in Bombax malabaricum. But Qieadle (1937) has found that in some woody Liliaceae 
the xylem fibres grow 15 - 40 times over the size of their mother initials while Anand 
et al. (1978) reported xylem fibres in Dalbergia sissoo to grow 8 - 9 times longer than 
their mother initials. However, the present findings go in conformity with 
observations of Khan et al. (1979b, c) where they have reported the xylem fibres to 
grow 1.54 - 1.8 times in Eucalyptus camaldulensis and E. papuana and 1.8 times in some 
Verbenaceae. 
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TTie average lengths of vessel elements increase in the beginning and after 
attaining maximum it gets stabilized with age in C. limon. More or less similar trend 
of vessel elements has been reported earlier by Khan (1980) in Eugenia jambolana, 
Ajmal (1985) in Sterbulus asper. Contrary to this increasing trend in vessel length from 
top towards the base has been observed by C. reticulata var. kinnow as reported earlier 
by Siddiqui (1983) in Ficus religiosa, Carlquist (1989) in new world species of Ephedra, 
Castro & Ademir (1992) in Sacoglottis guianesis and Andira parviflora and by Han and 
Woong (1993) in Populus eurameriana, Khan (2001) in Jacaranda mimosaefolia and 
Mahmood (2001) in Alstonia scholaris, Emblica officinalis, Putranjiva roxburghii. In C. 
paradisi initially the average length of vessel elements increases with age and after 
experiencing a slight decline, there is constancy with advancing age as it has been 
reported earlier by Khan (2001) in Pterospermum acerifolium, Noshiro & Suzuki (2001) 
in Rhododendron. Contrary to this in C sinensis vessel length increases from apex 
towards the base but after having attained maximum in basal region, it declines as 
reported earlier by Ajmal (1985) in Ficus rumphii; Zimmermann & Potter (1982) in 
Acer rubrum. Contrary to this, Siddiqui (1983) has reported vessel length to show a 
gradual decrease up to base in Ficus infectoria, Iqbal & Ghouse (1977a) in Prosopis 
spicigera. On the other hand. Khan (1980) in Eucalyptus maculata observed the length 
of vessel elements initially increases and tends to reniain constant for some distance 
and finally declines near the ground level. 
The radial diameter of vessels in all the species presently investigated shows 
an initial expansion with increasing age of the axis followed by a constancy near the 
. . . I 
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basal region as has been already reported by Khan (1980) in some Myrtaceae, 
Siddiqui (1983) in Ficus infectoria, Ajmal (1985) in Sterbulus asper, Khan (2001) in 
Pterospermum acerifolium; Mahmood (2001) in Alstonia scholaris and Fisher et al. (2007) 
in Metrosidews polymorpha. Contrary to this gradual increase from top to basewards 
and a declining tendency at the extreme basal region has been reported by Ajmal 
(1985); Khan (2001) and Mahmood (2001). 
As far as tangential diameter of vessel in all the species investigated is 
concerned, it shows a gaining tendency and then gets stabilized as it happens in 
Callistemon citrinus, Eucalyptus maculata and Eugenia jambolana (Khan 1980), Ficus 
infectoria (Siddiqui 1983), Bombax malabaricum (Khan 1984) and Sterbulus asper (Ajmal 
1985), Metrosideros polymorpha (Fisher et al. 2007). Contrary to this it shows a 
consistent increase in tangential widening from apex towards base and after attaining 
a maximum is followed by a declining trend as has been reported by Ajmal (1985). 
Whereas tangential diameter record a continuous increase with growing girth of tree 
axis as it happens in Prosopis spicegera (Iqbal & Ghouse 1977a). | 
During the course of present investigation it has been observed that xylem in 
young shoots consists of narrow lumened vessels (small) proportionally higher in 
number in all the species investigated. As the axis grows older, the number of large 
type vessels shows an increasing tendency. A more or less similar trend has been 
reported by earlier workers (Khan 1977; Khan 1980; Khan 1984; Khan 2001 and 
Mahmood 2001). A continuous increase in vessel area from top to base has been 
observed in the presently investigated species as it has also been reported in several 
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other cases (Khan 1977; Khan 1980; Khan 1984; Khan 2001 and Mahmood 2001). An 
entirely different situation, a higher vessel proportion in young shoots than in old 
stem has been reported by OUinnmaa (1955) and Bhat & Karkkainen (1980). 
The axial parenchyma shows decreasing tendency from top towards base in all 
the investigated species as has been reported by Ajmal (1985) in Ficus rumphii and 
Sterbulus asper. Contrary to this, axial parenchyma showing an inconsistent behaviour 
from top towards the base has been reported by Khan (2001). Some other workers 
have reported axial parenchyma to increase with increasing age of axis Khan (1977), 
Iqbal (1979), Khan (1980). 
As far as dimensional variation of vessels, fibres, ray and axial parenchyma in 
relation to different weather conditions is concerned, they do not exhibit any 
considerable change in all the species investigated. Similar trend has been reported 
by Khan (1977), Khan (1980), Siddiqui (1983), Khan (1984), Ajmal (1985), Khan (2001), 
Mahmood (2001) and Wodzicki (2001). 
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Chapter-V.3 The Secondary Phloem 
As compared to cambium and secondary xylem of the dicotyledons, the 
secondary phloem has relatively more complicated structure. However, in the 
arrangement of cells, the secondary phloem parallels with secondary xylem. The 
secondary phloem consists of two well-defined system of cell viz. axial or vertical 
and ray or horizontal system. The cells of the axial systems are derived from fusiform 
initials of the cambium while the rays system develops from ray initials. The axial 
system is composed of sieve-tube members accompanied by one companion cells 
(Chavan et al. 2000), axial parenchyma, fibres and sclereids and roughly isodiametric 
ray cells in the horizontal system (Esau 2002). Fibres and sclereids also develop in ray 
system (Khan et al. 1976). Likewise other dicotyledonous species (Ghouse et al. 1979), 
the presently investigated species also exhibit a great deal of diversity in the cell 
arrangement. The sclerenchymatous fibres forming fascicles of varying dimensions 
are arranged in tangential bands forming concentric order. Frequency of occurrence 
of sclerenchymatous fibres is significantly higher towards the periphery of bark. 
There are big fascicles of sclereids and fibres of varying dimensions and frequency of 
such fascicles of sclerenchyma appears to be increasing with the increase in age of the 
bark. Sufficient work has been done by a number of workers on the phloem fibres 
Holedeide (1951), Chattaway (1953, 1955a,b,c,d,e, 1959), Chang (1954a, b), Zahur 
(1959), Santos (1960), Bamber (1962), Esau (1964,1969, 1979), Outer (1967), Ghouse & 
Sabir (1974), Ghouse & Yunus (1974c, 1975, 1976b), Ghouse et al. 1975c, 1976b), 
Ghouse & Siddiqui (1976a,b), Khan et al. (1976,1977, 1978), Ghouse & Iqbal (1977b), 
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Ghouse & Jamal (1979), Khan & Khan (1983), Siddiqui (1983), Kolalite et al. (2003), 
Tomlinson (2003), Lotova & Timonin (2005), Oskolski et al. 2007. 
The sieve-tube members in all the investigated species, are found to be 
I 
arranged in linear order i.e., end to end, forming long pathways. The end walls of the 
sieve-tube members are mostly oblique and they possess compound sieve plates in 
all the investigated species as has been reported earlier by Roth 1981; Esau & Cheadle 
1984; Milbum & Kallarackal 1984; Thomas et al. 1995; Oparka & Turgeon 1999; 
Lotava & Timonin 2005 and Khan et al. 2008. Thus the structure of sieve-tube 
members indicate that they are comparatively phylogenetically less advanced like 
many other dicotyledons (Esau 1965; Ghouse & Yunus 1975; Yunus 1976; Khan 1977; 
Iqbal 1979; Khan 1980; Fahn 1982; Siddiqui 1983; Khan 1984; Ajnml 1985; Kafeel 1986; 
Khan 2001; Mahmood 2001; Kolalite et al. 2003; Oskolski et al. 2007). The lateral walls 
of these elements are also found to have numerous sieve areas through which lateral 
commuiucation is maintained with contiguous elements (Carlquist & Robinson 1995; 
Khan effl/. 2008). | 
The sieve-tube members measured shorter than the fusiform initials in all the 
species presently investigated (Khan et al. 2008) as has been reported in Pyrus malus 
(Evert, 1963b), Dalbergia species (Ghouse & Yunus 1975), Psidium guajava (Khan 1977), 
Prosopis spicigera (Iqbal & Ghouse 1979), Callistemon citrinus, Eucalyptus maculata and 
Eugenia jambolana (Khan 1980), Ficus infectoria and F. religiosa (Siddiqui 1983), some 
woody dicotyledons (Outer 1983, 1986), Bombax malabaricum (Khan 1984), Ficus 
rumphii and Sterbulus asper (Ajmal 1985), Jacaranda mimosaefolia, Pterospertnum 
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acerifolium, Terminalia arjuna, (Khan 2001), Alstonia scholaris, Emblica officinalis, 
Putranjiva roxburghii (Mahmood 2001). 
The secondary phloem in all the species consists of two distinct zones differing 
in their structure and function viz., conducting and non-conducting. The conducting 
zone consists of working sieve-tube members, the axial and ray parenchyma and 
sclerenchyma, while in the non-conducting zone the sieve-tube members are either 
completely absent or in a deformed state. The inactive sieve-tube members in all the 
investigated species has been found loaded with definitive callose on their end walls 
as well as on lateral walls. Later on the shape of the sieve elements gets changed due 
to the pressure created by the expansion of the adjacent axial and ray parenchyma 
cells. More or less a similar tendency of deformation of sieve elements has been 
reported in other dicotyledons by Abbe & Crafts (1939) in conifers, Cheadle & Esau 
(1964) in Liriodendron, Khan (1977) in Psidium guajcwa, Khan (1980) in Callistemon 
citrinus, Eucalyptus maculata and Eugenia jambolana, Siddiqui (1983) in Ficus infectoria 
and F. religiosa and in Conifers, Khan (2001) in Jacaranda mimosaefolia, Pterospermum 
acerifolium, Terminalia arjuna, Mahmood (2001) in Alstonia scholaris, Emblica officinalis, 
Putranjiva roxburghii. The ray parenchyma cells of non-conducting zone are 
comparatively larger in size than the in conducting zone, the ray cells do not 
proliferate to the extent of forming wide wedges resembling dilated rays as has been 
observed by earlier workers (Schneider 1945,1952,1955; Chattaway 1955d; Whitmore 
1962; Ghouse & Yunus 1974c; Siddiqui 1983; Milburn & Kallarackal 1984; Khan 2001; 
Mahmood 2001; Kolalite et al. 2003; Lotava & Timomin 2005; Oskolski et al. 2007). 
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The average depth of conducting phloen\ is found to vary from 20 - 150 ^m in 
C limon, 20 - 140 nm in C. paradisi, 20 - 120 nm in C. reticulata var. kinnow, 20 - 100 
Hm in C sinensis during a calendar year. These findings go with the general concept 
that the conducting phloem forms only a fraction of a millimeter (Holedeide 1951; 
Lawton & Lawton 1971; Lawton 1972; Yunus 1976; Ahmad et al. 1977; Khan 1977; 
Khan 1980; Siddiqui 1983; Khan 1984; Khan 2001; Mahmood 2001; Kolahte et al 2003; 
Lotava & Timomin 2005). On the other hand Whitmore (1962) found the conducting 
phloem to be 5-6 mm thick in Dipterocarpaceae. 
As far as lumen size of sieve-tube members is concerned they donot exhibit 
any significant impact of varying seasonal conditions. More or less similar situations 
have been found earlier by Munch (1943), Evert et al. (1969), Tucker & Evert (1969), 
Uwton (1972), Yunus (1976), Khan (1977), Khan (1980), Chavan (1982), Siddiqui 
(1983), Khan (1984), Khan (2001), Mahmood (2001) and Khan et al. (2008). 
Data collected on the extent of area occupied by sieve-tube members in the 
conducting phloem has revealed that the presently investigated species possess 18 -
22 % in C limon, 17 - 24 % in C. paradisi, 18 -25 % in C. reticulata var. kinnow, 1 8 - 2 3 
% in C sinensis of sieve tube area in transverse plane (Khan et al. 2008) and the values 
obtained are in agreement with the hypothesis of Crafts (1931, 1933) that the active 
area in the bark amounts roughly to 20% but contrary to 40% (Outer 1983) and 66% 
(Munch 1930) or even more (Canny 1973). The results obtained in the present study 
as well as that of others (Crafts 1931,1933; Geiger et al. 1969; Evans et al. 1970; Lawton 
& Canny 1970; Uwton 1972; Grange & Peel 1975; Ghouse et al. 1976b; Khan 1977; 
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Ghouse & Iqbal 1978; Khan 1980; Chavan 1982; Siddiqui 1983; MUbum & Kallarackal 
1984; Khan 1984; Ajmal 1985; Chavan et al. 2000; Khan 2001; Mahmood 2001) have 
shown that the active area in the conducting phloem appears to be more or less 
species specific. 
The average length of sieve-tube members in C paradisi increases gradually 
from younger to older trunks till it reaches maximimi and then tends to remain 
constant as Khan (1984) has reported in Botnbax malabaricum. Contrary to the above 
I 
findings the length of sieve-tube members in C limon first increases with the age and 
after declining for a distance, again increases near the base as has been observed by 
Siddiqui (1983) in Ficus infectoria and F. religiosa, Mahmood (2001) in Emblica 
officinalis. On the other hand the average length of the sieve-tube members in C. 
reticulata var. kinnow shows a gradual increase with increasing stem circumference as 
it has been reported by Khan (1977) in Psidium guajava, Ajmal (1985) in Sterbulus 
asper, Trockenbrondth (1994) in Oak, Khan (2001) Jacaranda mimosaefolia, Terminalia 
arjuna, Mahmood (2001) Alstonia scholaris. Against this the average length of sieve-
tube members in C sinensis increases with increasing age of the trunk, followed by a 
decline in the basal region as reported earlier by Yunus (1976), Iqbal & Ghouse 
(1977), Iqbal (1979), Khan (1980), Ajmal (1985), Kafeel (1986) Ajmal & Iqbal (1992) and 
Mahmood (2001). Studies on the lumen size of sieve-tube members of the 
investigated species has revealed that tangential and radial diameter experience an 
increase with increasing girth of stem axis in all the presently investigated species as 
it has already been found by several earlier workers like Yunus (1976), Iqbal & 
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Ghouse (1977), Khan (1977), Iqbal (1979), Khan (1980), Siddiqui (1983), khan (1984), 
Ajmal (1985), Kafeel (1986). ' 
The length of phloem fibres in C litnon, C. reticulata var. kinnow and C. sinensis 
shows an initial increase in length with advancing age and after reaching a maximum 
a declining trend is noticed as it has been found by Iqbal & Ghouse (1983) in Acacia 
nilotica and Prosopis spicigera, Ajmal & Iqbal (1992) in Ficus rumphii whereas an initial 
increase in length is followed by constancy in C. paradisi. Contrary to this a 
continuous increasing trend in length of phloem fibres can be seen in the findings of 
Khan (1984) in Bombax malabaricum, Ajmal (1985) in Sterbulus asper, Trockenbrondth 
(1994) in Oak and Popular species. Khan (2001) in Jacaranda mimosaefolia, Pterospermum 
acerifolium, Terminalia arjuna, Mahmood (2001) in Emblica officinalis and Putranjiva 
roxburghii. Width measurements of fibres show no specific trend in variation vis-a-vis 
age of the axis as has been reported by Khan (2001) and Mahmood (2001). However, 
quite recentiy Quilho et al. (2000) has reported a gradual increase in fibre width from 
top towards the base of the axis. The length and width measurements of phloem 
fibres during different seasons did not show any significant change as has also been 
reported by (Khan 1977; Khan 1980; Siddiqui 1983; Khan 1984; Ajmal 1985; Lev-
Yadun 1997; Khan 2001; Mahmood 2001). 
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Chapter-V.4 Periodicity of the Vascular Cambiurri 
The activity of vascular cambium is not uniform, but shows great variation 
depending on the genetic constitution of plants and difference in the internal and 
external environment (Philipson et al. 1971). There are plants whose cambium is 
active throughout the entire life of the plant i.e. the cells of cambium divide 
continuously and the resulting cells undergo gradual differentiation to form xylem 
'i 
and phloem. Such type of activity usually occurs in plants growing in tropical 
regions (Alvim 1964; Philipson et al. 1971; Fahn 1982). However, not all tropical trees 
exhibit continuous cambial activity (Chowdhury 1940,1969; Lawton 1972; Rao 1972; 
Lu & Chiang 1975; Yunus 1976; Khan 1977; Iqbal 1979; Khan 1980; Fahn et al. 1981; 
Dave & Rao 1982a, b; Siddiqui 1983; Khan 1984; Ajmal 1985; Kafeel 1986; Zhang et al. 
1992,1994,1997; Khattak & Majeed 1993; Mariaux 1995; Priya & Bhat 1999; Khan 2001 
and Mahmood 2001). 
Ln present study, it has been observed that the vascular cambium of all three 
species shows a periodic activity rather than a continuous growth as reported in 
other tropical species of Indian sub-continent (Chowdhury 1939, 1940, 1957, 1968, 
1969; Chowdhury & Tandon 1950; Paliwal & Prasad 1970; Paliwal et al. 1975; Yunus 
1976; Khan 1977; Iqbal 1979; Khan 1980; Siddiqui 1983; Khan 1984; Ajmal 1985; Kafeel 
1986; Rao 1988; Detienne 1989; Rao et al. 19%b; Zhang et al. 1992,1994,1997; Rajput 
1997; Eshete & Stahl 1999; Priya & Bhat 1999; Rao & Rajput 1999, 2001; Khan 2001; 
Mahmood 2001). 
Several criteria have been employed in the past to judge the initiation and the 
duration of cambial activity in tropical as well as in the different temperate species. 
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Firstly Priestly et al. (1933) demonstrated the case with which the bark separate itself 
from wood of a tree trunk during the active period, a phenomenon what they named 
as "slippage of the bark." Subsequent workers later employed several other criteria to 
recognize the reactivation of cambium after its winter dormancy. Some of the 
important findings in this connection are Knudson (1913), Lodewich (1928), Wight 
(1933), Chowdhury (1939), Preston & Wardrop (1949), Hodge & Wardrop (1950), 
Wareing (1951), Ladefoged (1952), Preston & Ripley (1954), Samish (1954), Wardrop 
(1954), Wareing & Roberts (1956), Wilcox (1962), Evert (1963a), Waisel & Fahn (1965a, 
b) Srivastava & O'Brein (1966), Robards & Kidwai (1969), Waisel et al. (1970), Fahn 
(1974), Tsuda (1975), Khan (1977), Farooqui & Robards (1979), Iqbal (1979), Catesson 
(1980a, b). Khan (1980), Dave & Rao (1982a, b), Rao & Dave (1983a, b), Siddiqui 
(1983), Khan (1984), Ajmal (1985), Kafeel (1986), Khan (2001), Mahmood (2001) and 
Frankenstein et al. (2005). In the present study, however, a number of criteria have 
been used in combination while studying periodicity of cambium. The initiation of 
cambial reactivation has been taken from the time of radial expansion of cambial 
initials, but the activity of cambium has been counted from the actual cell division 
and not from the date of histochemical changes or physical expansion of initials. The 
ceassation of activity has been taken by stopping of cell division which normally 
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proceeds to the histochemical change in the initials. 
In all the species investigated, the reactivation of vascular cambium has been 
indicated by radial expansion of cambial initials which has been described as 
"swelling" of cambial cell by earlier workers (Chowdhury 1969; Yunus 1976; Khan 
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1977; Iqbal 1979; Khan 1980; Siddiqui 1983; Khan 1984; Ajmal 1985; Kafeel 1986; 
Ajmal & Iqbal 1987; Fujita 1993; Rao et al. 1996b; Rajput 1997; Rao & Rajput 1999; 
Khan 2001 and Mahmood 2001). This phenomenon has been observed in the present 
study to occur a few days before the cells start dividing to produce new derivatives 
in all the species presently investigated. The present study shows swelling of the 
cambial zone in March in C. limon and C. paradisi and in April in C reticulata var. 
kinnow and C sinensis. However, the extent of radial expansion was found varying in 
different species. 
I 
After swelling the cell divisions start within a week or two in the cambial zone 
which in turn is followed by number of histochemical changes in the initials. A 
decrease in density of cell protoplast, coupled with loss of chromaticity and the 
leaning of cell wall as a result of reduction in wall thickening and in the size of beads 
of radial walls. More or less similar changes in the nature and structure of cambial 
initials have been described by Derr & Evert (1967), Tucker & Evert (1969), Yunus 
(1976), Iqbal (1979), Khan (1979), Khan (1980), Siddiqui (1983), Khan (1984), Riding & 
Little (1984), Venugopal & Krishnamurthy (1989), Borchert (1990), Breitsprecher & 
Bethel (1990), Cui et al. (1995), Killmann & Hong (1995), BuUock (1997), Downes et al. 
(1999), Worbes (1999), Khan (2001), Mahmood (2001) and Oribe et al. 2001, 2003, 2004. 
The cambial activity has been noticed to initiate cell division in April in C limon and 
C paradisi and in May in C. reticulata var. kinnow and C sinensis. 
The initiation of cell division during hot weather conditions shows that this 
phenomenon depends upon high temperature and low humidity as has been 
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reported earlier by Qiowdhury (1969) in temperate and tropical trees, Iqbal (1979) in 
Acacia nilotica, Khan (1980) in Eugenia jambolana and Callistemon citritius, Rao & Dave 
(1981) in Tectona grandis, Siddiqui (1983) in Ficus infectoria. Khan (1984) in Bombax 
malabaricum, Ajmal (1985) in Sterbulus asper, Kafeel (1986) in Bauhinia variegate; 
Mellerowicz et al. (1992) in Abies balsamea, Paliwal & Paliwal (1992) in Rhododendron 
arboretum, Bamett & Miller (1994) in Picea sitchensis, Oribe & Kubo (1997) in Conifers, 
Khan (2001) in Jacaranda mimosaefolia, Pterospermum acerifolium, Terminalia arjuna, 
Mahmood (2001) in Alstonia sckolaris, Emblica officinalis, Putranjiva roxburghii, 
Espinosa et al. (2006) in 83 tropical trees. 
The cessation of cambial activity occurs in early October in C limon, early 
November in C. sinensis, early December in C reticulata var. kinnow and late 
December in C. paradisi. Thus it appears that in the investigated species, extreme fall 
in temperature brings down the dormancy as reported earlier by Rao & Dave (1981) 
in Tectona grandis, Siddiqui (1983) in Picus infectoria and f. religiosa, Khan (1984) in 
Bombax malabaricum, Paliwal & Paliwal (1992) in Rhododendron arboreum. Khan (2001) 
in Jacaranda mimosaefolia, Pterospermum acerifolium, Terminalia arjuna, Mahmood (2001) 
in Alstonia scholaris, Emblica officinalis, Putranjiva roxburghii. Contrary to this. Khan 
(1980) has reported that in Eucalyptus maculata, the fall in temperature do not impede 
the activity of cambium but appeared to improve it which continued up to March. 
In the presently investigated species, the cambium remains active for about 6 
months in C. limon and C sinensis and 9 months in C. paradisi and 7 months in C 
reticulata var. kinnow. More or less similar prolonged tends of duration of 5-9 months 
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of radial growth has been reported earlier by Amos et al. (1950), Chowdhury (1968), 
Fahn (1974), Yunus (1976), Khan (1977), Iqbal (1979), Khan (1980), Dave & Rao 
(1982a,b), Siddiqui (1983), Khan (1984), Rao (1988), Khattak & Majeed (1993), Rajput 
(1997), Zhang et al. (1997), Rao & Rajput (1999), Khan (2001) and Mahmood (2001). 
However, Paliwal & Prashad (1970) and Paliwal et al. (1975) have reported short 
duration, as short 3 to 4 months, to be the active period of radial growth in Dalbergia 
sisso and Polyalthia longifolia respectively. Fahn (1962) and Fahn et al. (1981) classified 
trees and shrubs on the basis of their cambial activity and found the cambial activity 
last for duration of about 4 months in Zygophllun dumosum, Quercus ithaburensis and 
Crataegus azarolus. 
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Chapter-V.5 Production of Xylem and Phloem 
In all the species investigated, the xylem and phloem production shows 
considerable variation with time and duration. The newly produced derivatives first 
differentiate into xylary elements in all investigated species. The xylem production 
starts in April in C limon and C paradisi and May in C. reticulata var. kinnow and C. 
sinensis. The xylem production precedes that of phloem in all the investigated 
species. A similar situation of phloem and xylem production has been reported 
earlier in a number of tropical as weU as temperate forms both with deciduous and 
evergreen habits. Such as Khan (1977) in Psidium guajava, an evergreen member of 
Myrtaceae has found xylem production to precede that of phloem. Similarly, in 
Callistemon citrinus, Eucalyptus maculata, Eugenia jambolana, all evergreen trees (Khan 
1980), in Ficus infectoria (Siddiqui, 1983), in Sterbulus asper (Ajmal & Iqbal 1987), in 
Bombax ceiba (Rao et ah, 1996b), in Larix sibirica (Antonova & Stasova 1997), in 
Kalopanax pictus (Kitin et ah 2002b) it was found that xylem formation precedes that of 
phloem. However, there are studies which have reported that phloem formation 
precedes that of xylem, Vitis vinifera (Esau 1948), Pyrus communis (Evert 1961), P. 
malus (Evert 1963a), Pinus banksiana, P. resinosa and P. strobus (Alfieri & Evert 1968), 
Populus tremuloides (Davids & Evert 1968), Acer negundo (Tucker & Evert 1969), Isoetes 
taisanensis (Chiang 1976), Dalbergia sissoo (Yunus 1976), Acacia nilotica and Prosopis 
spicigera (Iqbal 1979), Haloptelea integrifolia (Rao & Dave 1984), Prosopis spicigera (Iqbal 
& Ghouse 1985b), Ficus rumphii (Ajmal & Iqbal 1987a), Rhododendron arboreum 
(Paliwal & Paliwal 1992), Juniperus califomica (Alfieri & Romelle 1993). In a number of 
temperate forms also, the xylem production is found to precede phloem formation 
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(Elliott 1935; Artschwager 1945; Fraser 1952; Bannan 1955; Antonova & Stasova 1993; 
Arnold & Mauseth 1999; Khan 2001; Mahmood 2001). 
In the present study the quantum of xylem and phloem produced has been 
estimated as already done by Bamett 1981; Denne & Dodd 1981; Shiokura 1989; 
Nobuchi et al. 1995; Sass et al. 1995; Worbes 1995; Schnutt et al. 2000; Kitin et al. 2003. 
The quantum of xylem produced is substantially higher than phloem in all the 
species investigated. This is in concurrence with the earlier studies by Waisel et al. 
(1966) in Eucalyptus camaldulensis, Yunus (1976) in Dalbergia sissoo, Iqbal (1979) in 
Acacia nilotica and Prosopis spicigera, Khan (1980) in Callistemon citrinus, Eucalyptus 
maculata and Eugenia jambolana, Siddiqui (1983) in Ficus infectoria and F. religiosa, 
Khan (1984) in Bombax malabaricum, Khan (2001) in Jacaranda mimosaefolia, 
Pterospermum acerifolium, Terminalia arjuna, Mahmood (2001) in Alstonia scholaris, 
Emblica officinalis, Putranjiva roxburghii. However, in none of the species investigated 
presently, the ratio of xylem and phloem comes as high as 14:1 or 15:1 as has earlier 
been reported by Wilson (1963) in Abies concolor and by Bannan (1955) in Thuja 
occidentalis. According to Wilson (1964), the ratio of the xylem layers produced to the 
number of phloem layers may be 10:1 in vigorous conifers while only 1:1 in slow 
growing ones. In this study, the ratio of xylem produced to that of phloem was found 
to be 1.9:1 in C. limon, 3.9:1 in C paradisi and 1.8:1 in C reticulata var. kinnow and C. 
sinensis. More or less similar ratio of xylem and phloem production has been reported 
1.6:1 in Callistemon citrinus by khan (1980); 3.5:1 in Ficus infectoria and 3.7:1 in F. 
religiosa by Siddiqui (1983); 2:1 in Jacaranda mimosaefolia, 4.5:1 in Pterospermum 
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acerifolium by Khan (2001); 4:1 in Alstonia scholaris, 2:1 in Emblica officinalis and 2:1 in 
Putranjiva roxburghii by Mahmood (2001). An entirely different situation was noticed 
7.2:1 in Eucalyptus maculata by Khan (1980) and 9:1 in Terminalia arjuna by Khan 
(2001). But contrary to this. Khan (1977) in Psidium guajava found that phloem 
produced was twice the amount of xylem in a calendar year. 
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Chapter-V.6 Longevity of the Phloem 
In most of the dicotyledons, the functioning phloem is restricted to that part of 
secondary phloem, which is produced in the last growing season. Sometimes, before 
the cambium begins to produce new phloem, all or most of the sieve elements 
produced in the previous season cease to function (Fahn 1982). However in some 
plants, e.g., Tilia, the sieve tubes remain active for a number of years and no changes 
I 
have been observed to take place during the winter (Evert 1962). It should be 
mentioned that in plants with included phloem, e.g., Bougainvillea, and the woody 
species of Chenopodiaceae, the phloem strands remain active for many years (Fahn 
& Shchori, 1967). In Hevea brasiliensis, planted on Hainan Island (China), the sieve 
elements function for one and a half year to two years (Wu & Hao 1986). However, in 
majority of plants, most of the phloem turns non-functional in the same season in 
which it is produced (Esau 1945,1965; Artschwager 1950; Evert 1961,1963a; Davis & 
Evert 1968; Derr & Evert 1967; Alfieri & Evert 1968; Lawton 1972; Khan 1977; Khan 
1980; Fahn 1982; Siddiqui 1983; Khan 1984; Khan 2001; Mahmood 2001). In the 
present investigation also, most of the sieve-tube members were found to become 
non-functional in the same season in which they are produced due to accumulation 
of thick layers of callose which covers the sieve plates and lateral sieve areas. Similar 
inactivation of sieve elements by callose plugging has also been reported by Alfieri & 
Mottola (1983), Deshpande & Rajendrababu (1985), Rao et al. (1996b), Khan (2001), 
Mahmood (2001). However, in C paradisi and C. reticulata var. kinnow much before 
the formation of new phloem some of the layers of inactive phloem elements of 
1 
previous year are reactivated during the months of June - July and April 
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respectively, resulting in an increase in the height of functional phloem. Similarly in 
Fraxinus americana, the non-functional sieve-tubes of the previous year are reactivated 
in spring and remain functional during the period, when the buds develop and the 
young leaves grow (Zamaski & Zimmermann 1979). On the other hand, in Vitis, the 
phloem was observed to be active for two seasons. Vitis lays down thick layers of 
callose with the onset of winter. These layers are subsequently reabsorbed in the 
I 
spring before the renewal of cambied activity (Esau 1948, Bernstein & Fahn 1960). In 
C. limon phloem formation occurs in May, June and September, in C paradisi in 
October, November and December, in C. reticulata var. kinnow in October and 
November and in C. sinensis in June, July and October. The current year's phloem 
functions for about 8 months in C limon and C sinensis, 10 months in C paradisi and 
11 months C reticulata var. kinnow. In C limon and C. sinensis the phloem is produced 
twice in a calendar year. Similar production of phloem, twice in a year, has been 
reported by Khan (1977) in Psidium guajava, Mahmood (2001) in Putranjiva roxburghii. 
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Abstract 
The present study on the seasonal activities of vascular cambium and 
secondary phloem in the trunk of ( ' / "J i ' v ; ; ; / / ! : •; //;,;\vi! ^ and 
I , / ( ' , , - were carried out for three consecutive calendar years (2005, 2006 & 2007) 
with an aim to notice the behaviour of vascular cambium and its derivative tissues 
i.e., xylem and phloem with respect to seasonal and age effects. The results c£in be 
summarized as: 
The vascular cambium is non-stratified in all the four species. It forms a 
continuous cylinder between xylem and phloem and is made up of fusiform and ray 
initials. The fusiform initials are found to vary in length from 137 - 3b3 iim in C 
limon, 100 - 463 um in C paradisi, 137 - 413 um in C. reticulata var. kinnow and 137 -
373 11 m in C sinensis. The fusiform initials undergo considerable size variations with 
growing girth of the stem axis. The average length rises with age which is followed 
by a decline and then again increase in the old stem in case of C limon. In C paradisi 
there is gradual increase up to maximum and after slight decline is soon followed by 
constancy in the adult region. In C reticulata var. kinnow the fusiform initials increase 
in length from top to base with increase in girth of the axis. Whereas in C. sinensis, 
there is initial increase up to maximum with the advancing age of stem axis which is 
followed by a decline towards the basal region. The ray initials multiply to become 
more in number as the trunk grows older and wider. New rays arise either by cutting 
off tips or sides of fusiform initials or by transverse segmentation of the later. 
The wood is diffuse porous in all the four species investigated and the rays are 
heterogeneous. The width of cambial rays varies from i cells, while their height 
varies from ! - rn cells in C. limon, 1 70 cells in C. paradisi, 1 44 cells in C. reticulata 
var. kinnow, 1 ^n cells in C sinensis. The length averages of vessels show an initial 
increase and later constancy with the growing size of the tree axis in C. limon. In C 
paradisi, the length average of vessels first record an increase and then a slight 
decrease which is followed by constancy near the base level. The increase in average 
length with the growing age of the cambitun follows a gradual gain in C. reticulata 
var. kinnow. On the other hand increase in the beginning is followed by a decline to 
the adult region in C. sinensis. The radial and tatngential diameters show a gradual 
increase with the increasing diameter of the axis until a maximum is reached and 
then constancy is attained. The length of vessels elements vary from iOO - 238 um in 
C. limon, 75 - 313 |im in C paradisi, 100 - 300 um in C reticulata var. kinnow, 100 - 250 
um in C sinensis as a result of seasonal influence. The length of xylem fibres shows a 
positive increase with growing size of the trunk except in C. paradisi where longest 
fibres are found at the growing tips. They retnge from 412 - "^ 25 um in Citrus limon, 
275 - 128S Mm in C paradisi, 300 - 1175 um in C. reticulata var. kinnow, 300 - ^^ 25 um in 
C sinensis in different seasons and grow intrusively to attain a length of about 1 8h -
2.7^ times over the length of their mother initials in different species investigated. 
The bark as usual is made up of three distinct zones viz., conducting phloem, 
non-conducting phloem and periderm. The sieve tube members possess mostly 
oblique to transverse compound sieve plates on their end walls. They vary in length 
from "7 72^ um in C. limon, V ••! ' um in C. paradisi, "^n 2>N um in C. reticulata 
var. kinnow, n^ 2SS imi in C sinensis due to seasonal influence. They occupy about 
i '^ transectional area in C. limon, and C. paradisi, 20'.. in C reticulata var. kinnow and 
C. sinensis. The initial increase up to maximum in the size of sieve-tube members is 
soon followed by a decline and again increase in the basal region in C limon whereas 
in C paradisi the initial increase up to maximum is followed by a decline and then 
constancy in the older regions. However, C reticulata var. kinnow shows a gradual 
increase with the increasing diameter of axis. In case of C. sinensis the initial increase 
up to maximum is followed by a decline towards the adult stem. The phloem fibres 
are distributed throughout the secondary phloem in characteristic patterns in all four 
species. They grow intrusively and attain a length of about 2.34 - 2 4" times over the 
length of their mother initials in different species investigated. 
The activity of vascular cambium initiates at different times in different 
species. Swelling of cambial cells occur in third week of March in C. limon, last week 
of March in C paradisi, third week of April in C reticulata var. kinnow and second 
week of April in C sinensis. The cells begin to divide in first week of April in C limon, 
second week of April in C paradisi, first week of May in C. reticulata var. kinnow and 
C sinensis. The cambium turns dormant in early October in C. limon, late December in 
C. paradisi, early December in C reticulata var. kinnow and early November in C 
sinensis. 
The newly produced cambial derivatives differentiate firstly into xylary 
elements in all the investigated species. The average of total amount of xylem 
produced is measured about l"^ u;ii in C. limon, 'nd mn in C. paradisi, 12"^ i;ni in C 
reticulata var. kinnow and ""i' um in C sinensis. The average of total phloem 
production is noticed about 24(1 mn in C limon, 245 um in C paradisi, 2'M) um in C. 
reticulata var. kinnow and 200 um in C sinensis. Thus the cambium remains active for 
about h months in C. /imon and C. sinensis, ^> months in C paradisi and " months in C. 
reticulata var. kinnow. 
